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A MACHINE PROGRAM FCR
COMPUTING NONLINEAR VISCOELASTIC WAVE PROPAGATION IN SOILS

ABSTRACT

o

A numerical method and its machine program for calculating nonlinear viscoe-

lastic wave propagation in soils are described. Solutions give particle velocity,

stress and strain as functions of time and distance from the stress source.
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ith iteration.

index identifying the negative wave path characteristics (maximum

value M),

index identifying the positive wave path characteristics (maximum

value N).

initial state.

coefficients in the viscoelastic law (Equation IT-4).
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a
Young'!s modulus.

functions in the law defining the static stress - strain curve of

a material (Equations II-5 and II-3).
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(o) - f(e)].
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parameters in the static stress-strain law.

Integer identifying the negative wave path characteristics.
integer identifying the positive wave path characteristics.
static constants of a material.

time.

time increment.

material velocity.

Lagrangian distance.
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é} parameters in the static stress-strain law (Equation II-5).
o criterion for convergence.

€ strain.

o) density of material.

o) stress.

oo initial stress.



I. INTRODUCTION

This report is primarily a reference to the BRLESC (Ballistic Research Lab-
atories' Electronic Scientific Computer) computational procedure used at the Bal-
listic Research Laboratories to solve a system of nonlinear differential equations

describing the viscoelastic propagation of stress waves in soils.

Studies of this nature have been pursued in the past. Seismic forces and
their associated motion Qave been measured under known conditions to check theo-
retical developmentl’e’3 . Simulation techniques have been used for the longer
duration pulses produced by nuclear explosions. Measurements in the free field
have shown that more consideration should be given to the phenomens occurring
after the first stress peak. 1In order to evaluate theory on the diffraction of
stress waves around an enclosure, a simple structure has been buried in a soil
filled shock tube. The techniques are being improved for measurements of the

required parameters associated with stress propagation.

When a nuclear device is detonated in air near the ground, a large area of
the ground under the point of detonation is loaded nearly simultaneously. Under
such loading, a uniform or horizontally layered half space would experience motion
nearly perpendicular to the surface. Plane wave theory can be used to predict
with sufficient accuracy the ground parameters near the surface which is close to

the point under the detonation.

Since in the high stress region, we cannot use available linear elastic theory,

k,5,6

nonlinear stress-strain assumptions must be made. Mercado assumed a nonlinear
viscoelastic theory (time dependent) which has been shown to be present under some
extreme conditions. The quantitative importance of time dependency has not yet
been established for the phenomens of interest here, and this effect may not be of

ma jor concern for many materials.

This work is a theoretical phase of the contract on propagation of under-
ground shock waves contracted to Rensselaer Polytechnic Institute by the Terminal

Ballistie Leboratory at Balllstic Research ILaboratories.

Information obtained from such stress-wave studies are required for free field
predictions and will be useful in the development of techniques for destroying or

protecting underground structures from nuclear blast.

¥
Superscript numbers denote references listed at the end of this report.



II. THEORY

The theory discussed here is that of Mercadou’5’6 which is based on Malvern's

for stress propagation in strain-rate sensitive materials.

An analytical representation of the stress-strain curve is obtained by fitting

an empirical formula suggested by Osgood9 of the form (Reference 4, Equation 2)
a a 5
(11-1) e =3+ R(g)

to the static data. 1In the above equation € = strain, ¢ = stress, E = Young's
modulus and R and S are static constants of a material. With this law, the basic
constitutive equation defining the material (Reference U4, Equation 10) takes the

form

(11-2) o, - E €, = - [e - g(O)},

where t represents time, a and b are coefficients in the viscoelastic law, and we

choose

H
(1I-3) g(o) = g + K(3) »

where H,K are parameters in the stress-strain law. Mercado states that there is

no experimental data known from which the dynamic constants a and b may be directly

determinedlo. It is known from theory that b/a > E, therefore, b/a is arbitrarily

=7

chosen., The lowest order approximation to the dynamic stress-strain law is obtained

by truncating the time-wise expansions of ¢ and € after the first derivative, giving

(II-4) g(o) + a o, = £(e) + be,,
where we arbitrarily choose

- - ¢ 1Y Be
(1I-5) £(e) = e oo

a and B being parameters in the stress-strain law.

10



The dynamic behavior of materials is obtained by simultaneous solution of the

dynamic stress-strain law and the laws for the conservation of mass and momentum.
For a first approximation to the dynamic behavior of soils, we use the stress-

strain law (II-4), the equation for the conservation of mass

(11-6) €, = V.,

and the equation for conservation of momentum
(11-7) o= pvt.

Here x is Iagrangian distance, v is material velocity, and p is density. Linear

combinations of Equations II-4, II-6 and II-7 give the following set of charac-

teristic equations. Alons %% = 0 (particle path),

—i [g(o) - f(e)} at;

(11-8) dg - % de

and along %% = 53 (positive cnaracteristic),

where
CEJE
2]
and
-
F=gao) - f(e)}
(11-9) do - ¢ dv = —% [g(c) - f(e)} dt

= -F(o0,e)dt;

and along %% = -g% (negative characteristic),

N . v o L
(II-10) dg + c dv = -2 [g(o) - f(e)} dt

_F( U’ €)dt .
11



These equations are supplemented by the Jjump conditions for a discontinuous
wave propagating into a stationary medium in which o = 0, € = 0 and v = O, By
replacing o, €, and v respectively in (II-4), (II-6), (II-7) by oH(&), €H(E), and

vH(E), where H(£) = 0 for £ < 0 and H(E) = 1 for ¢ > O and ggigl = Dirac ®, we

h P

integrate the results with respect to & from -£ to +£, and letting € = O we obtain

the Jjump relationship

oo

(1-11) g = -cv =

These equations represent the conservation of mass and momentum across a disconti-

uity moving into an undisturbed medium with the velocity
(TI-12) dx _ b,

which is also a positive characteristic.

ITI. NUMERICAL FORMULATION

To compute the stress, strain, and particle velocity behind the wave front,
we integrate the conservation equations using the known values along the wave front

and the initial and boundary wvalues.

The characteristic curves are used as the coordinate system to extend the

solution into the domain of disturbance.

Using a grid of characteristics in the t,x plane (Figure 1) o, €, and v are

evaluated at each point (m,n).

39 L g(o) - £(c) = -3 Foye).

12



(m-i,n)

(m-1, n-1) At (m, n)
(0,4)
(m,n~-1)
ZONE
(0,2)
N\
)
&
(0,1) (2,3)
BOUNDARY
(0,0) (1 T 12,2) (3,3) (4,4)

t

FIGURE 1.
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In difference form this equation becomes (see Figure 2)

4/1;,n¢l)

FIGURE 2.

(1-1)  (i-1)
(ITI-2) %,n+1 ~ %,n = - \Jo,n+1’ €05n+l>h+ F(Go,n’ eo,n)
LAt
2

or

. . (1) ap A1) (21N

(III-3) o =0 - 3 o s € + F(o
o,n+l o,n 8 o,n+1’ “o,n+l )

With this value of ¢ at (o,n+l), we have € and v from (II-11).

(1) . @)
(I1I-4) €041 = b o,n+1’

(1), @
(1I11-5) Yo,n+l =~ "¢ %,n+1
Initially,

o =0, € =2

c,0 0o “o,0 Db o
and
_ 1
VO’O T T 9%

14
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The set (III-3), (III-#), (III-5) are iterated over i at each point (o,n),

until, for some arbitrarily small positive number B,

S1) o (1-1)
(III-6) cﬁ_l) < &,

n is then increased to some maximum value. Thus, the m = 0 characteristic is

obtained.

For the m = 1 characteristic, the first point to be computed is the boundary
point on the line x = 0. On this line we assume some constant value 9, for the

stress. Then the general boundary point (m,m) (see Figure 3), we compute as fol-

lows:
(m-i, m)
*
at
(m-1, m-1) FIGURE 3. (m, m) t
The time and Lagrange distance are obtained from
(1I1-7) tm,m = tm-l,m-l + &t
-8 I
(111-8) Xoom = U
The stress is the specified value
(I11-9) Sm = %o
Let
+ €
(o) _ “m-1,m-1 m-1,m
(1II-10) mm = 5 ,
v +
(I11-11) o0) | Imelymel ” Tnelym

m,m 2
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The difference form of (II-8) gives for the strain

5
he 2
= 1
,._J
-
N

/ ‘.
. (o, € )+ o, €
(i) _ alit o’ m-1l,m-1 F\_o’
(111-12) €mm - m-l,m-1 T B 5

and the difference form of (II-9) in which do = O gives for the velocity

(ITI-13) (1) _ Ll -
(IH=15) Vmym T Vm-1l,m T © (Go Om-l,m)

(i-1)
+
Ot F(Um-l,m" €m—l,m) F<;o’ em,m
T 2c 2 *

This process is repeated until for some i, the convergence test

¢(i) _ ¢(i'1)
)¢(i-l),

m,m

< B

(III-14)

is satisfied, where § = ¢ and v, and where if the denominator is zero, this con-

vergence test is bypassed.

With this boundary point computed, we progress up along the positive char-
acteristic. Each point along this characteristic, say point (m,n) (see Figure L),

we compute as follows.

(m-lg ﬂ)

{(m-1,n=1)
/
~ 7
/
7/
Z
(m-1,n-1) (m, n-1)

FIGURE L.
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The time and Lagrange distance are obtained from

- . At
(IT1-1%) onn = el T
- [ TA
-1 - + et g
(111-17) Koon = %monel A )
Lt
a + g
(T1I-17) G(O) _ _m-1,n _ m,n-lJ
m,n s
€ + ¢
-18 _(0) _ n-l,n tiyn-1
(111-18) e _ ,
v + v
(III-19) V(O) _ _m-1,n _ m)n-l,

m,n

The difference forms of (II-8), (II-9), and (II-10) solved simultaneously give

- i) _ .S
(1III-20) o = 5 2(v

-V
1,n-1 m-1,n

(i-1) (i-1)
_ 4t rF(Um,n-l’ em,n-l) tF CIm,n’ €
2
(i-1) (i-1)
+ F(Gm-l,n’ em_-l,n) i F<Gm,n" emjn
2



(1) A\
. blo -
(11I-21) e(l) = ¢ + m,n m-1,n-1/
m,n m-1,n-1 a

m,n’  “m,n

)iz o)

, Ot F(o, _1,n-1, n-1,n-1

B 5
(1)
. g\’ - ¢
(III-22) D m,n myn-l
m,n m,n-1 c

(i-1) (i-1)
+
At F(Gm“,n-l’ em,n-l) F<}m,n’ €, n

o
Pl

+
c

(@]

This process is repeated for each i until the convergence criterion

(I11-23) [¢if3 i ¢éj;l)}

¢(I;ly
m,n
is satisfied for § = g, €, and v.

IV. ORGANIZATION OF CALCULATION AND PROGRAM

For each m characteristic that we compute, we require values on the m-1

characteristic; therefore, the memory size limits the number of points that can be

computed on each characteristic. 1In order not to limit the domain of computation,

it was divided into zones. For this purpose, four codes are written, differing

only in the input arrangements. These four codes can be used to cover the entire

domain (Figure 5).




An option provides a cholice on the nuiaber of computed points to be printed.
On the boundaries of each code zone, however, values at all points are printed,
cince they may be the inpnt data for subeequent zones. Code 1 would suffice to
:omvlete the computation if the memcry were sufficiently large to accommodate all

the points on any given characteristic.

The compiler language used is the FORQFTll.

CODE SYMBOLS

CODE NAME DEFINITIONS
A 2
AT,PHA x
ANG Printing freqiency
(1,2,3,etc.)
. b
2
BEE v
BEGIN {+ no shock at wave front
- shock at wsve frcat
i BFA £
i C c
DEL JANY
DeLTA o]
' B e (strain)
‘ EC E (Young's modulus)
K K
M m
N n
RHO e
STIGMA o
SIGO % TECENIOAL LIRRARY
T £ BLD &8
ABERDEEN PROVING GROUND, MIx
v v STEAP-TL
X X
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NUMERICAL RESULTS
VISCOELASTIC WAVE
SHOCK STUDIES.

BLOC (EPI~EP7/Y)
(VPI- vP7/3)
(SIGPI-S1GPT/3)
F1 FORM (9-10) 1-7) $-1-10)
LAST (EPI) VPI) SIGPI1)

NO
38!

NO

38
sIGMI=07

3.91
T:=T+O0ELT/2
Xg:=X
E 8 . DELT
x-u»soa‘r(m’o)( 2!

mm,r-imml .:; YES b
L il PRINT

FOR THEORETICAL NON-LINEAR
PROPAGATION FOR GROUND

START

CODE

4.1

[ szr(su:owl
LA

READ
A) BEE) RKO) DELT) MIN)

SI160 ) BEGIN)ANS)

H)K)EO) BETA) OELT) AL PHA

SET (F:0)
C= SORT(pg)
MC:0 B
NC:0

EPI,F:0 9.1
VPI,F:0
PRINT LABEL NG SIGP[, Fz0 MC=y
PRINT BLANKS
Z: ANS
B1 BEE®A

2=l

SJGPI, F: S160
EP} Fs /8 X SIGO
VPI, F21/C X 8160

TIX) I
SET (3.7IEx: B3 4)

Mo PRINT - FORMAT (F1)~ (MC]NC)
PRINT- FORMAT (FI)-(sT60)| | TVXVEPLFIVPLF) SIGPI,F)
BEGIN)ANS) B) C) 2:1

PRINT 2 BLANKS
[BEPARATES W's)

LABEL MNTXEV
PRINT 2 BLANKS

PRINT - FORMAT (F1)- (MCINC) 7.1
{ FIVPLF) SIGPI F)

INC(F:F+3)

83.4

&

343

NC:= NC +1
T:T+ QELT/2
Xp=X

X+ X8 + SQRT (B/RHO)
(QELT/2)

ni
SET(F:0)% Z:ANS
NC:-MC X:0 TstiCeDELT
s[el = 3180
E1: (EPY, F*EP2,F)/2
VIz={VPI, F+VP2,F)/2
SET (GAM:819.1)

G:SIG PI, (F-3)/E0 +
K e EXP {He LOG
(SIGPI,(F-3) /EO))

(1+ BETA « EPL(F-3))
PN A G- P (- 3) o e (P 3))
NC+ NC +1

SIGPI, F281GP, (F-3)

VPI, F - SIGPI, F/C

EPI, F SIGPI, F/B

SIGMI = SIGPI, F

65 SIGPI,F/ED + KWEXP [ W &Loﬁ{ii—:-:l—}-] }‘ﬁ"ﬂ"o, YES G=oJ

38

ns3 1 "2
l 6FPI:0].—'E—3-{51692,F=0?I

Jwo
GFPI = SIGP2, F/EO +
WREXP (H « LOG (S8 P2, F/EDY)

1139 nse
YES
$160:= 0 ? 6 ZERO: O

20|

e

l

|SIGPI.F= SIGPI,(F-3]-[DELT/B(A(G-EPI F
| EPI, F=SIGPI, F/B

|vei, F:-siGpi,Fre

(1+BETA ® EPI,F)
(1+ ALPHA®EPI,F)

6 ZERO =SI60/EOQ +
ke £xp (Horos ()

l s

30.1
Sioize ggpgz,n-sml
£2+ (:Pz,zn [
vas ypz,:*vu

311 J 312

YES
[mn,rﬂ—a{armo

I NO
GFPI:316P2, F/EO +
xsexp(unioe (FELEy)

314 313
YES
6F: 0 S16P1,F: 07

lno

GFe SIGPI, F/EO *

x#ExP (HeLOG ( ”—GE%‘: N

ns 36
YES
$161:0 GIMI : 0
NO

GIMI: 316 1I/€0 +
Ko EXP(HeLOG %mo—'))

3t7

TR T T
T=T+ QELT/2

392 aT
~—a| ncm’]—"&[::nuﬂ—-«[pz

TEs

SET(3TIEX:88.1) (3]

X=X /W DELTA
& x:xp +~/ RHO™ 2 [ |
364 (N INC (F:F+3)
NC: NC +1
u] NO
223 222 22.) g2
1
Ans=1 MM ? :;;:C;
BLANKS

3.7

PRINT - FORMAT (F1}- (MC)NC) T )X) EPI,F)VPILF)3IGI , F)l

Zs1

&)

161

PRINT-FORMAT (FI)-
(MCINCIT)X)EI} V1) SIG1)

FEF:EPI,F(1e BETASEPLF)/(1+ ALPHA & EPI,F)
FEFPIZEP2 ,F( 1+ BETA® EP2FI/(1+ALPHAREFLF)
FF=A (GZERO-FE&F)

FFPI:A (GF PI-FEFM)

11+ BETA » EPI,F)

I+ ALPHA®EPIF)
(1+ BETA © EP2,F)
. UrEeTh s SP,n
FEFPI:EP2F T LPHA S EP2.F)
(1+ BETA® EI)

(1+ALPHA® EI)

FEF - EPI,F

FEIMI: EI

1 12,1

[rnsEl(ua:n-:n/(uuwuc EI)]

F1:A(G ZERO-FETY)

1 3214

FFPI: A{GFPI-FEFPI)
FF = A (GF -FEF)
FIMIz A (GIMI-FEIM!)

I 331 332
YES

{ 134

EMI: EN

VMI = VI

EIzEP,FH+DELT(FF+FT)/(28D)

VI« VP, (F+3)- (300~ SIGM, (F+3))/C
—~ (DELTHFFPI+FI/(4aC)

Zx1

154 vzsf 153

1:11}-—"9——{ Z:1ANS? NO

135 I 182

EI-EMI
EMI

351

$16 2:07 6110

613 316 2/€0 +
xeExp (HeLog (5—:02 ]

333 1

|+ BETA = E2
1+ ALPHA & E2
FI:= A (81-FEI)

1 341

FE1:E2

39.1

EPI,F:E2
E1:
VeI, F: V2
Vi v2
S16P1, F: 3162
$181+ 816 2

E2

381

YES

| v2-VMI | oeLTa

vMli

316 2 - S16M1
UL

SIG MI : 316 2
VM) = V2
EMI = E2

SIG 2

E2:EM,F +

v2:Vl +

(S18 4 « SﬁPz,F)_c(VI-VH,(FF!)
2

H
_ (ue.u)((mn; ru‘(rrn; m,

+ DELT(FF+FD)

(s182-6M,F)
0

2w 8

(s182-s181) - DELY (FIMI + F1)
[

48C

YES

YES
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START

3.

CODE 2

BLOC (EPI-EP?/3)
(VPI-VP7/3)
(SIGPI-SIGP7/3)

F1 FORM (9-10}1-7) 5-1-10)

LAST (EP1) VPI) SIGP!1)

JAN

READ (A) BEE) RHO) DELT) M
PRINT LABELING

IN)

PRINT BLANK

PRINT (A) BEE) RHO) DELT) M) N)

PRINT BLANK

READ (H)K)EO)BETAYDELTA ) AL PHA)
PRINT LABELING PRINT BLANK
PRINT (H) K) EO) BETA) DELTA)ALPHA)

PRINT BLANK
REAO (SIGO) BEGIN) ANS)

PRINT LABELING PRINT BLANK

315

NO
INC('WNWEAD- FORMAT (F1)-{MC)NC)T)X) EPJ,F) VPI,F) SIG PI,F) I

YES

314

B: BEE # A
SET (F=0)

PRINT 2 BLANKS
PRINT LABELING

C=SQRT (RHO=B)
PRINT (SIGO) BEGIN)ANS)B)C)%

M NTXE V SIGMA
PRINT 2 BLANKS
M= N (COMPLETE TRIANGLE}

9.1
. MC : MC+1
i INTERIOR PTS, 30.1
SIG2 P2, F+ S16
SET (F=0) Z: ANS swz:——z%—'—
NC = MC X=z0 Epz'p,y'
T: MC #DELT E2: —L—
SIG 1 = SIGO va: VP2, F+vi
EV=(EPI, F+EP2,FY2 B 2
viz(VPI, F+ VP2, F)2 i
SET (GAM = B19.1} 3.1 ves B2
[ﬂspz.r:o.’l——ﬂ:rp;:o ]

3.13

1.3 12

‘NL‘I

[oFp: =o—l-:Ea[su; P2, F=02] '

|
'NO

fo\

GFPI=S5IGP2Z, F/EO +
KeEXP{H*LOG(SIGPZ,/EQ )

GFPi =SIG/2, F/ED +

¥» EXP (H» LOG (516 Pa,rfzolJ

33

YES
GF=0 k“—{SIGI.ho

fe

39,1
EPI,F: E2
El : E2
VPI,F= V2
Vi Ve
SIGPI,Fz S162
33,0 SIGI = 5162
O YES
38.1
va2-vMI
v
I vm ll. DELTA €S
357
NO
v2:0?
356
NO
VMI:0?
YES
37
YES
| £2em |L bELTA
EM)
NO
ITERATE 35 5
E2:0?
NO YES
N NO
3¢ - 354
SIG2-SIGMI| ; ppTA EMIz 02
SIGMI

1135 1 1.4 } NO
BI9 | YES
5160:0 2 G ZERD GF=SIGPI, F/ED +
T:=T + OELT/2 K= EXP(HaLOG (SIGPI,F/ ED))
Xg= X § NO i
8 DELT z 315 3.6
x=Xg */ RRO* 7~ L D L e
INC { F:F+3) { SIG1 =0 GIMI=D
NCz NC +1 1.5 "o
FEF-EPI,F(I+BETA#EPY F)/(1+ALPHA ® EPI,F)
223 222 221 B21 | FEFPIzEP2 ,F(1+BETA®EP2,F)/(1+ ALPHAREP2,F) GIMI=SIGI/EOQ +
YES . NO R _
ANS <1 MCEM 2 MC = MC + ! MC:M? FF =A(GZERO- FEF| K= EXP {H®LOG (SIG|/ED))
* PRINT 2 BLANKS FFPI=A (G FPI-FEF P1)
NO 1'55 l 12 (1=BETA® E:l|:)
=N KEF= EBLE (:::Em-zm F)
PRINT 50 ToO FEL= EI {1 +BETA ®E1)/(1+ ALPHA #EI) :
2 BLANKS ) F1 = A (G ZERO - FET) FEFPizgp2,F (tBETAS EPZ,F)
{¢.GAM ) : EPST T aLPrarEPZ F)
(1+BETA® EI)
16.1 ‘ =l ——
13 FEMI=E (1+ALPHA ®E1)
PRINT - FORMAT (F1) - EMI=- El i 221
(MCINC) T) X)EPI,F) VP1 F) SIGPI,F) VMI = VI
EIzEPI, F+ OELT (FF +FI)/( 2 » B) FFPI= A (GFPI-FEFPI)
VIzVPI,(F+3) -(SIGO-SIG PI,(F+3))/C FF =A(GF~FEF)
YES 163 — (CELT)FFPI +F1) /(4 %C) FIMI= A (GIMI-FEIM1)
: l 331 332
SET (GAM= B21.1) vEs
15 4a 153 YES 15162=i|-—4-{ G|=O_|
16 2
NO l NO
2:=2+1 Z = ANS? NC=N?
Gl=SIG2/EQ +
135 15.2 341 K # EXP (H® LOG(SIG 2/E0))
NO YES -
V1=07? EPI, F= EI SIGMI= SI62 i 333
VPI, F = VI VML = v2 FEl-g2 2 BETA® E2
TYE Tl : B2 I+ALPHA® E2
YES| i34 S s F1: A (GI-FEI)
YES NO . NO
vm:o’-——«!MILDELTA 121 351
SIG 2 = (SIGI+ 516 P2,F)-C (VI-VPI,(F+3))
YES — (DELTA, (FIMI+ FD) (FEPI+FD),)
133 3.2 (4.1 4 2 2
ES (SIG2-SIGPI,F) DELT (FF+FI)
21 Y _lei:0> EMIz0? _E.'_ﬁll_ozt.rn |z> E2:EPI,F+ = 728
EMI *
(S162-SIGD) _ DELT(FIMI+FI)
V2=Vl + T + anC

YES




CODE 3 $0.1

START e 11 SIGP2,F + 561
SET (F:0) 62 x TS
BLOC (EPI-EPT7)/3 EAQ (A)BEE)RHO)DELTIMIN) SET (3EX:=87.1) REAO- FORMAT (F1)-{MCINC) T)X)
(VPI-VPT)/3 PRINT LABELING  PRINT BLANK EPI) VPI) SIGPI) €2 - EPLLFeEL
(SIGPI-SIGP7/3) PRINT FORMAT (F1){A) BEE JRHOJOELTMIN) 4! PRINT- FORMAT (Fi)- {MC) NC)TIX) 2
FI FORM (9-10}1-7 ) 3-140) PRINT BLANK INC(F=F +3) SIGEIP:I;;IGPL)|SXGP” vz = VP2, F+ VI
LAST (EPI)VPIISIGPI)| | (REAO (HIKIED ) BETA)DELTA) ALPHA) EPI, F:0 Vi oz VPl 2
PRINT LABELING  PRINT BLANK) VPI, Fz0 El : EP| L
PRINT FORMAT (FIXH)K) EO) BETAIDELTIALPHA) SIGPI, F:0 FR 310 ves 312
PRINT BLANK SET (GAM = BI9.1) [316P2,F:07 }—+{aF Piz0] 16 2%
READ (S100) BEGIN) ANS) 4 41 ) [—
YES
PRINT LABELING  PRINT BLANK [sET3Ex=Bs nfe—=[ wcn 2
PRINT- FORMAT (F1)-(S160) BEGIN) ANS) B) C) NO GFPI:SKP2,F/EO + $9.1
PRINT 2 BLANKS L 43 K®EXP(HaLOG (=SS
PRINT LABEL ING FOR M N ETC EPI,F: EI
PRINT 2 BLANKS e L. S8 El1: E2
YE! ®
H oF - siep1,F:0? | V"';,f_ zlz
3.1 PRINT ~ FORMAT (FI)~MCINCITIX) 1 poos SIGPI £ $161
B:BEE® A EPI,F) VPI, F)SIGPI, F) SIG1 = 816 2
SET (F:3) C:SORT(RHO®8) z:1 871 GF=31GP, F/EO* o 380
REAO - FORMAT (F1)-(MC) NC) T ) X) NCTNC KeExp(HeLoG (SBMLFy :
EPILF)VPIF)SIGPL,F) 8o TeTwOELT/2 Eo wo YES
RN T FoRMAT TP (MCING T %) @ Xp < X 333 ves 32
INT-FORM n- BLANKS 3 —-
EPI,F) VPI,F) SIGPI, F ) X xXg + SORT (B N OELT ) {stet:0 eimizo ] YES:
z:1 22.8 RH I wo
B3.43 d SIMI: SPI/EO +
. {1 +BETAREP, (F-3)) K Exp(rs Log (181 y)
EN: AL BRI UF 3 ) (AL PHARERL(F-3)) 222 €0
NC:NC+1 1 17
SIGPI, F= S1GPI, (F-3) MCx? I B19.1 (““En.cp" A
. F- - VPI,F: S1GPI, F/C s LvBEIAP e L 357
gx:lfupl'l.(oa ?s)l/ai?(;-:)/u)), *|EPI,F: SIGPI, F/B YES TeT + OELT/2 FEF:EPLF e APAR EPI F) NO [
: 221 Xp* X GEls fEfp: gpa F 1t BETAREP2,F) A ’a
= " = *
ITERATE AGAIN 33 MC= MG+ X:Xp +vB/RHO ® > (1+ALPHA® EP2,F) YES
SIGMI « SIGPI, F PRINT 2 BLANKS INé: (F=F|v3) FEIMIZE! {1+ BETA » EI) ine
n NO 3 %o NC=NC+ (1+ ALPHA®EI) Ll—_
o SIGPI, F-SI0MI Y 8211 ) 321 o) l
|—"“_|<°EL" 83 SISEL, F/ED » 6o TO FFPIz A{(GFPI-FEFPI)
SIGMI K*EXP(H®LOG FF : A (GF- FEF) NO YES YES
(SI6PI F/e0)) (0, 6AM) N 371
NO 332 FIMI = A (QIMI - FEIMI)
€E2-EMI
I1+BETASEPI F)+FN —_—
38 SI0 PI, F = 16 P1, (F-3) - (OELT/B) (A (G£P1,F oo R =EPLFI2FN PRINT 2 BLANKS 330 e 33.2 I — !L OELTA
lsmu:o’l-— (1+ALPHASEPI ,F)
EPI, F=SIGPI, F/B 18
s VP, F:SIGPI, F/C PRINT~FORMAT (F1)— G1:8162/E0 + sre2 38
362 MCINC)TIX)EN} VI [l — :
.. t YTIX)ENVISIGH) K®EXP(H+LOB ( Zg5-1) NO .
$1GP1, Fe0? 21 [ s E2:= 0,
3.9 ves FE1. £y Lt BETA® E2) ves
T:T+ OELT/2 B3.4 (1+ALPHA®E?2) NO
Xp: % F1:A(GI-FEI) 36.1 334
X +Xp+ SORT (2 )(RELT) $4.1 $10 2-S10MI
RHO 2 : 222277 12 pELTA EMi=0?
SIGMI: $1G2 18 M
16.4 162
YES 'TIERT)
SET (GAM: B 210 EMI: E2 No
PRINT- FORMAT (F 1)~ (MC)NC) T)X) EPI,F)SIGPI,F) EP2, F: E2 Rl 381
21 VP2, F:V2 G 2: A3161+316P2,F) C{vi- VP, (F+3))
SIBP2,F = SIGI ) 2 - 2
{FIMI +F] FFPI+F
_(oe.u)( : ), ¢ ! n)
F
@o To (302-SIGPI,F) _ DELT(FF+FI)
(371 EX E2:EPI,LF+ 0 + YY)
v2evi+ (3182-381) _ DELT (FTWI +FI)
[+ 4




¢c

START

CODE 4

READ (A) BEE) RHO) OELT)MIN)
PRINT LABELING PRINT BLANK
PRINT (A) BEE)RH ) DELT)M)N)

PRINT BLANK

READ (H)K)E )BETA)OELTA)ALPHA)
PRINT _ABELING  PRINT BLANK
PRINT (H)K) €0) BETA) OELTA)ALPHA)
PRINT BLANK

REAO (STGO) BEGIN) ANS)

PRINT LABELING  PRINT BLANK

BLOC (EPI-EP7)/3
(VPI-VPT7)/3
(S1ePI-SIGP7/3 —

FI FORM(9-10)1-7)5-1-10)

SET (F=0)

READ- FORMAT (F()- (MC}NC)T)X) EPI)

vpl) SIGPI)

PRINT - FORMAT (F1)- (MC)NC)T)X)E PI)

VPI) SIGPH)
SIG1= SIGPI
Vi= VP
EI=EPI
2=
SET (GAM = B19.1)

PRINT- FORMAT (F1)-(S160} BEGIN)
ANS)B)C)

LAST (EPI) VPI) SIGP1)

PRINT 2 BLANKS
PRINT MN LABELING
PRINT 2 BLANKS

B:BEE®#A C: +/ Rho/B

SET (F=3)

READ-FORMAT (FI)-MC)NC)T)X)
EPI,F) VPI, F) SIGP,F)

i INC (FzF+3)

MC = MC +1
PRINT 2 BLANKS

NO
B21.1

INTER{OR POINTS

>

Bl9.|
T:T+DELT/2

Xg=X

X: xp ++/B/RHO w QELT
INC (F:F+3) z
NC= NC +-

60 TO

0, GAM
16.1

PRINT ~FORMAT (F1)-(MC)NC) T) X)EI) VI) SIGI)

2: 2z

154

1 YES
18.3
NO

TI.]_——-{_E! :ANS 1

6.3

Iuo o

EP2, FTE2
VP2, F: V2

SET(GAM=B211)

s16P2, F= S1G 2

.i—{_ucna?

30.1
s16 2= SIGP2,F+8IG)
2
£ 3is zvz.zn 3
VP2, F+ VI

V2 : ——
30 3.2
lsxcpz.no?'—"'zsl GFPI:0 ]
] o

GFPI:SIGP2, F/EO +

fe

SIG P2,F 39.1
K* 2200
EXP(H*LOG( N EPI,F = EI
314 | EE) El= €2
&
l6r=o ]_ﬂ'ﬂs PI.F:O?J VPLEL L
} wo SI1GPI, F: 5161
GF = SIGPI, F/EO + $161 = 51G2
P
K« €xP (H»LOG EG—(‘)—‘F)))
3.5 3.6 YES
YES
GIMI =0 ?]
[~ NO YES
384
GIMI: SIGI/EO N
1G4 IMIL DELTA
+KeEXP(Ha LOG(F)) VM
35.7
! 317 NO P
rer -gpy ¢ LIS BETA % EPI, ) va:or
T {1+ ALPHA® EPILF) e
+ BETA F
FEpIzgp2, F (Lt BETA® EPZ,F) 386
{1+ ALPHA® EP2,F) L vMI=z0?
FEtmisg) L BETA® ED) oS y
(1+ ALPHA ® EI)
i 32.1 £2-EMI
EMI YES
FFPIzA (GFPI- FEFPI)
FF:A (GF-FEF)
388
FIMI = A (B1IMI- FEIMI) -
331 £2:07
$162:07 61= o__]
= LI v::‘
GI :SIG 2/EO+ R a
ks exP (HaL0G (2182)) S162-SIGM |\ o va 02
E0 SIG Ml v

i 333 |
~_ (I~BEVA * E2)

FEI:E2 T alPHAR EZ)

FI = A(GI-FEL)

1 34.0

c 4

«C

NO
SIGMI = S16 2
VMI s V2
EMI: E2
35.1 35.2
g - - +
si62- smn.uchz,r c (vI vv'lz.(r 3)) clomMi=07
DELT , (FIMI+F 1
—(%ELTy w; I)+((FIFP|2-H)) 352
. (SIG 2- SIGPI,F) DELT (FF + FI)
E2: EPLF + 5 7o
(31682-5161) OELT (FIMI + F1)
v2: Vi +

YES




Fl

START

w N
* o
——

PROB
BLOC
FORM
LAST

CONT

CONT

CONT
CONT

CONTY

CONT
CONT

CONT

PROGRAM FOR CODE I AND INPUT PARAMETERS WITH

BOUNDARY DATA FOR A SPECIAL CASE

TF-033 GROUND SHOCK STUDIES CODE 1
(EPI-EPT/3)VPL1-VPT/3)SIGPI-SIGPT/3)%
{9-10)1-7)5-1-101%

(EPL)VPLISIGPLIR
READ(A)BEE)RHO)IDELT)IMIN) %
PRINT-FORMAT(F1)~-
< A BEE RHO DELTY >
< M N >%Z ENTER(PRINTB)Z

PRINT-FORMAT(FL)-(A}REE)RHO)IDELT)IMIN)EENTER(PRINTB} X

READ(H)KIEO)BETA)DELTA)ALPHA)Z
PRINT-FORMATI(F1)—

< H K EO BETA >
<DELTA ALPHA >TENTER(PRINTB)Z

PRINT-FORMAT(F1)-(H)K)EO)BETA)DELTA)ALPHA)ZENTER(PRINTB)Z

READ(SIGO)BEGIN)IANS)Z
PRINT-FORMAT(F1)-

< SIGO BEGIN ANS B
ENTER({PRINTB) %
IF(NKM)GOTO(2.2)%
B=BEE#*AZ T=0%X=0%
Z=ANSZ%
SET(F=0)%C=SORT{RHO#B )2ZMC=05NC=0%
PRINT-FORMAT(F1)-(SIGO)EEGIN)ANS)BIC) %
ENTER(PRINTRIE ENTER(PRINTB)Z
PRINT-FORMAT(F1)-

< M N T X
<V SIGMA >%
ENTER(PRINTBIXENTER(PRINTB) X
IF(BEGIN)IS+G0T10(4.11)%
SIGP1yF=SIGOXEP],F=SIGO/BEVP],F=-SIGO/CZ
2=1% SET(3.71tX=83.4)%
PRINT=FORMAT(FL)=(MCINC)T)X)EP]1,FIVP1,F)SIGPL1,F)Z
INC(F=F+3)2
IF(SIGP1,(F-3) =0)GOTN(3.42)%
G=SIGP1,(F-3)

/EO+K#EXP(H*LOG(SIGPLl,(F-3)/EQ))ZEGO0TO(3.43)%

G=0%

FN=A{G—EPL,y(F-3) (L+BETA®EP]1,(F=-3))/(1+ALPHA®EP],(F-3)))%

NC=NC+13BSIGPIF=SIGPL,(F-3)%
VPlyF=—SIGPLl+F/CIEPL,F=SIGPL,F/BZ
SIGM1=SIGP1,F%

IF(SIGPL,F =01G0T0(3.51)%
G=SIGPL+F/EQ+K#EXP(H#LOG(SIGP1,F /E0) )}¥GOTO0(3.52)%
G=02

SIGP1+F=SIGPLl,(F=3)-(DELT/B8)(A(G-EP1,F(1+BETA®EPL1,F)/

CONT(1+ALPHA®EPL,F))+FN)Z

EPL+F=SIGP1,F/BEVP1,F=-SIGP1,F/C%
IF(SIGM1=0)GOTO(3.62)%

IF-ABS((SIGP1,F-SIGM1)}/SIGMI<DELTA)GOTO(3.91)%G0T0{3.5)%

IF(SIGPL14F=0)G0OTO0(3.91)%GOTO0(3.5)%
PRINT—-FORMAT(F1)-(MCINCITIX)EPLF)IVP1,F)SIGP1,F)Z
2=1% GOTO{(,3.71EX)Z
T=T+DELT/2%XB=XEX=XB+SQRT(B/RHO) «DELT/2%
IF{NC=NIWITHIN(.005)G0T0(3.93)%

2k



3.7 IF(Z=ANS)WITHIN(.005)G0OTO0(3.71)% 56
3.64 1=2+1% GOTO(B3.4)% 57
3.93 SET(3.71EX=88.1)%G0T0{3.71)% 58
4.11 SET(5EX=B7.1)% 59
4,1 EP1,F=03VP1,F=0%SIGP1,F=0% 60
4.13 IF(NC=N)WITHIN(.005)G0TO(4.14)% 61
4,2 IF{Z=ANS)WITHIN(.005)G0TO(5.1)% 62
4.3 I=7+1% GOT0(BT.1)% 63
4,14 SET(5EX=88.1)% 64
5.1 PRINT-FORNMAT(FI)-{MCINC)T)X)EPL,F)VP1,F)SIGP1+F)Z 65

1=1% GOTC(,5EX)X% 66
87.1 INC{F=F+3)INC=NC+1ZT=T+DELT/2ZXB=XEX=XB+SCRT(B/RHO) #DELT/2% 67

GO0T0(4.1)% 68
B8.1 ENTER(PRINTB) 2ENTER(PRINTB) % 69
9.1 MC=1% 70
11.1 SET(F=0)% NC=MC&X=D%T=MC=+DELTY 71

I=ANSZ SET(GAM=B19.1)% 72

SIGL=SIGORELI=(EPL+F+EP2,F)/23VI=(VPL1 F+VP2,4F)/2% 73
11.2 IF(SIGP2,F =0)GOTO0(11.3)% T4

GFP1=SIGP2,F/EQ+K#EXP(H#LOG(SIGP2,F/ED))EGCTO(11.35)% 75
11.3 GFP1=0% 76
11.35 IF{SIGO =0)GOTO0(11.4)%2 77

GZERO=SIGO/EQ+K#EXP {(H*LOGISIGO/EQ))XGOTO(11.5)% 78
11.4 GZERO=0% 79
11.5 FEF=EP1,F(14BETA*EP]1,F)/ (1+ALPHA#EP]1,F) 2 80

FEFPL=EP2,F(1+BETA#EP2,F)/(1+ALPHA#EPZ,F)% 81

FF=A(GZERC-FEF)% 82

FFP1=A(GFP1-FEFP1) % 83
12.1 FEI=E1(1+BETA=E]Ll)/(1+ALPHA®EL)Z 84

FI=A(GZERO-FEI)Z 85
13.1 EM1=EL1XVMI=V]X 86

E1=FPL1,F+DELT(FF+F][)/(2=B) % 87

VI=VP1l 4 (F+3)—(SIGO-SIGP1+(F+3))/C—(DELT)(FFPL+FI1)/(4*(C)% 88
13.2 IF(EM1=0)GOTO0(13.3)% 89
14.1 IF-ABS({(E1-EM1)/EMICKCELTA)GOTO(13.4)360T0(12.1)2%2 90
13.3 IF{E1=0)GCTO(13.4)2G0T0(12.1)% 91
13.4 1F(VM1=0)GOTO(13.5)% 92
15.1 1F-ABS{{V1-VM]1)/VMI<KDELTA)GOTO(15.2)%G0T0(12.1)% 93
13.5 IF(v1=0)GOTO{15.2)8G0T0(12.1)% 94
15.2 EP1,F=E1%VPl,F=VL% 95
16.2 IFINC=N)GOTO(16.3)% 96
15.3 IF(Z=ANS)WITHIN{.005)G0TO0(16.1)% 97
15.4 1=2+1% GOTO(B17.1)¥% 98
l16.1 PRINT-FORMAT(FL)-(MCINC)T)X)EL1)V1)SIGL1)% 99

1=1% GOTO(C+GAM) % 100
16.3 SET(GAM=821.1)% GOTO(16.1)% 101
B19.1 INC{F=F+3)INC=NC+1% 102

T=T+DELT/28XB=XZX=XB+SQRT(B/RHO) *DELT/2%GOT0(30.1)% 103
B2l.1 IF{(MC=M)WITHIN(.005)G0OT0(21.3)% 104
22.1 MC=MC+1% ENTER(PRINTB)Z ENTER(PRINTB)?Z 105
22.2 IF{(MC=M)WITHIN{,.005)G0T0(22.3)% GCTO(11.1)% 106
22.3 ANS=1% GOTO(1l1l.1)% 107
21.3 ENTER(PRINTB)Z ENTER{PRINTB)E GOTO{START)Z 108
30.1 SIG2={SIGP24yF+SIGL)/2%E2=(EP24,F+E1)/2% 109

V2=(VP2,F+V1) /2% 110
31.1 IF(SIGP2,F =0)GOTO(31.2)% 111

GFP1=SIGP2,F/EO+K*»EXP(H»LOG(SIGP2,F/ED))ZG0T0(31.3)% 112

31.2 GFP1=0% 113

ne
<2



IF(SIGPL,F

=0)G0T0(31.4)%

GF=SIGPl,F/EO+K#EXP(H#LOG(SIGPL,F/E0))ZEGOTO(31.5)%

GF=0%
IF(SIGL

=0)G0TO0(31.6)%

GIM1I=SIGL/EO+K*EXP(H#LOG(SIG1/EQ0))¥GOTO(31.7)2

GIM1=0%

FEF=EP1,F
FEFPL=EP2,F
FEIML=EL

FFP1=A(GFPL1-FEFP1) 2

FIM1I=A(GIMI-FEIM])%

IF(SIG2

=0)G0T0(33.2)%

(1+BETA®EPL,F)/(1+ALPHA#EPL,F)%

(L+BETASEP2,F)/( L+ALPHA#EP2,F) %
(1L+BETA®EL1)/(1+ALPHA#EL)}
FF=A(GF-FEF)%

GI=SIG2/EO+K#EXP(H#LOG(SIG2/EQ))¥GUTO(33.3)%

GI=0%

FEI=E2(1+BETA#E2)/(1+ALPHA#E2)Z

FI=A(GI-FEI) %

SIGM1=SIG23VML=V2EEM]I=E2%

SIG2=(SIGL+SIGP2,F)/2-C(V1-VPLl,(F+3))/2

CONT-(DELT/4)U(FIMI+FI)/2+(FFPL+F1)/2)%
E2=EPL+F+(SIG2-SIGP1,F)/B+DELT(FF+FI)/(24B)%
V2=V 1+(SIG2-SIGl)/C+DELT(FIMI+FI)/(4+C)%

IF(SIGM1=0)G0TO0(35.3)%
IF-ABS((SIG2-SIGM1) /SIGMI<KDELTA)GOTO(35.4)3G0T0(33.1)%
IF(SIG2=0)GOTO0(35.4)%G0T0(33.1)%
IF(EM1=0)G0TO0(35.5)%

35.2
36.1
35.3
35.4
37.1
35.5
35.6
38.1
35.7
39.1

END

CASE 1

A
90388944
H
22200000
SIGO
50000000

CASE 2

A
90388944
H
22200000
SI1GO
50000000

IF-ABS({E2-EMI1

IFIE2=0)GOTO0(35.6)3G0T0(33.1)2%
IF{VM1=0)G0OTO0(35.7)%
IF-ABS{(V2-VM1)/VMI<DELTA)GOTO(39.1)8G0T0(33.1)2%
[F(V2=0)G0TO0(39.1)3G0T0(33.1)%
EP1,F=E2%E1=E2% VPl,F=V2TV1=V2%
SIGP1,F=5162%SI1G1=SIG2%G0T0(16.2)%

PRINTK N

ENTER(PRINTB)Z ENTER(PRINTB)Z

GOTO{START) %

10X10 DOMAIN

BEE
07 23896900-02
K
0l 68600000 04
BEGIN
02-50000000 00

3X3 IONE

BEE
07 23896900-02
K
01 68600000 04
BEGIN
02-50000000 00

IS

INPUT

RHO
15000000-03
€0
21400000 05
ANS
10000000 Ol

INPUT

RHO
15000000-03
EO
21400000 05
ANS
10000000 Ol

LESS

PARAMETERS

DELT
20000000-03
BETA
00000000 0O

PARAMETERS

DELT
20000000-03

BETA
00000000 0O

26

J/EMI<KDELTA)GOTO(35.6)%G0T0(33.1)1%

THAN M >%
GOTO(START)Z

M N
10000000 02 10000000 02
DELTA ALPHA

10000000-08 00000000 00

M N
30000000 01 30000000 O1
DELTA ALPHA

10000000-08 00000000 00

114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148



Fl

START

3.13
3.14
3.15
9.1

11.1

11.2

11.3
11.35

13.2
l4.1
13.3
13.4
15.1
13.5

opNA
ranvo

8LOC
FORM
LAST

CONT
CONT

CONT
CONT

CONT

CONT
CONT

PROGRAM FCR CODE 2 AND INPUT PARAMETERS WITH

BOUNDARY DATA FOR A SPECIAL CASE

TF-033 GROUND SHOCK STUDIES (CoODE2
(EPL-EPT7/3)VPL1-VPT/3)SIGPL1-SIGP7/3)%
(9-10)1-7)5-1-10)2%

(EP1)VPL)SIGPL1)%
READ(A)BEE)RHO)IDELT)IMIN)Z
PRINT-FORMAT(F1)-
< A BEE RHO DELT >
< M N >% ENTER(PRINTB) S

PRINT-FORMAT(F1)-(A)BEE)RHOIDELTIM)N)ZIENTER(PRINTBIZ

READ(H)K)EO)BETA)DELTA)ALPHA)Z
PRINT-FORMAT(F1)-

< H K Eo BETA >
<DELTA ALPHA >XENTER(PRINTB)Z

PRINT-FORMAT(F1)-(H)K)EO)BETA)DELTA)ALPHA)ZENTER(PRINTB)Z

READ(SIGOIBEGIN)ANS) %
PRINT-FORMATI(F1)-

< SIGO BEGIN ANS 8
ENTER(PRINTB)Z
B=BEE=AZX
SET(F=0)ZC=SQRT(RHO=B )%
PRINT-FORMAT(F1)-(SIGO)BEGIN)ANS)B)C)%
ENTER(PRINTB)X ENTER(PRINTB)X
PRINT-FORMAT(F1)~

< M N T X
<V SIGMA >%
ENTER(PRINTB) XENTER(PRINTB)Z M=NZ
READ-FORMAT(F1)=(MCINC)TIX)EPLyF)VP1,F)SIGP1+F)Z
IFINC=N)WITHIN(.005)GOTO(9.1})%

INC(F=F+3)% GOTO0(3.13)%

MC=MC+1%

SET(F=0)% NC=MCEX=0ZT=MC#DELT%

I=ANS% SET(GAM=819.1)2%
SIG1=SIGOZEL=(EPL+F+EP2,F)/2%V1=(VPL1F+VP2,F)/22
IF(SIGP24F =0)GOTO(11.3)%
GFP1=SIGP2,F/EO+K#EXP(H=LOG(SIGP2,F/ED))EGOTO(11.35)%
GFP1=02

IF(SIGO =0)GOTO0(11.41}%

GZERO=SIGO/EO+K+EXP(H#LOG(SIGO/EC))EGOTO(11.5)%

NnICDN_N®
VLERU=U S

FEF=EP1,F(1+BETA#EP]L,F)/(1+ALPHA=EPL,F)Z
FEFP1=EP2+F(1+BETA=EP2,F)/ (1+ALPHA*EP2,F)Z
FF=A(GZERO-FEF)%

FFP1=A(GFP1-FEFP1)%
FEI=EL(L+BETA#EL1)/(1L+ALPHA®E])X
FI=A(GZERO-FEI)Z

EM1=E1IVM]1=V1Z

E1=EPLl,F+DELT(FF+FI)/(228)%

VI=VP1ly(F+3)-(SIGO-SIGPLy(F+3))/C~(DELT)(FFPL+FI)/(4%C)%

IF{EM1=0)GOTO(13.3)%

IF-ABS((E1-EM1) /EMLI<DELTA)GOTO(13.4)XG0TO(12.1)%
IF(E1=0)G0T0(13.4)3G0T0(12.1)%
IF(VM1=0)60T0(13.5)3G0TO(15.1)%
IF-ABS((V1-VM1)/VMI<DELTA)GOTO({15.2)%G0T0(12.1)%
IF(V1=0)GOT0(15.2)%G0T0(12.1)%
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15.2
16.2
15.3
15.4
16.1

16.3
8l19.1

B2l.1

21.3
22.3
30.1

35.2
36.1
35.3
35.4
37.1
35.5
35.6
38.1
35.7
39.1

CASE

90388944 07 23896900-02 15000000-03 20000000-03 40000000 01 70000000 Ol

1

A

EPL4F=EL2AVP]1,F=V1%
IF(NC=NIWITHIN{.005)G0T0{16.3)%
IF{Z=ANS)WITHIN{.005)GOTO({16.1}%

1=2+1% GOTO(B19.1)%
PRINT-FORMAT(FL}-{MCINC)TIX)}ELIVL)SIGL)Z
I=1% GOTO{0,GAM} X

SET({GAM=821.1)% GOTO(1l6.1}%

INCIF=F+3)INC=NC+1%
T=T+DELT/2ZXB=X%X=XB+SQRT(B/RHO} #DELT/2%G0T0(30.1}%
IF(MC=M)WITHIN{.005)G0T0{21.3}% MC=MC+1% ENTER{PRINTB) ¥
ENTER(PRINTB)Z IF{MC=M)WITHIN{.005)G0TO(22.3)% GOTO{1i.1)%
ENTER(PRINTB)}%E ENTER(PRINTB)Z GOTO(START)®
ANS=12 GOTO(11.1)%
S162={S1GP2,F+51G1)/2%E2={EP2,F+EL1) /2%
V2={VP2,F+V1}/2%

IF(SIGP24F =0)GOTO0{31.2)%
GFP1=SIGP24F/EO+K#EXP(H*LOG{SIGP2,F/EC)}ZGO0T0{31.3)%
GFP1=0%

IF({SIGP1,F =0}G0OTO0(31.4}%

GF=SIGPLl F/EO+K#EXP{H#LOGISIGP1,F/ED))2GOTO(31.5)%
GF=0%

IF(S16G1 =0)}GOT0(31.6}%
GIM1=S1Gl/EO+K=EXP(H#LOG(S1G1/€E0))*GOT0{(31.7)%
GIM1=0%

FEF=EPl+F {1+BETA#EPL+F}/(1+ALPHA®EP]1+F)%
FEFP1=EP2,F (1+BETA®EP2,F)/(1+ALPHA=EP2,F)Z%
FEIM1=€E1 (1+BETA*FL1)}/{1+ALPHA®E]}%
FFPL1=A{GFP1-FEFP1)% FF=A(GF-FEF)%
FIM1I=A(GIML-FEIM]1) %

IF(SIG2 =0)G0T0(33.2)%
GI=S1G2/EO+K#EXP{H®*LO0G(S1G2/EO0})TGOTO0(33.3)%
GI1=0%

FEI=E2(1+BETA*E2)/{ 1+ALPHA#E2} X

FI=A{GI-FEI )%

SIGM1=S16G2%VM1=Vv2ZEM]1=E2%
S162=(S1G1+S1GP2,F}/2-C{V1-VPL+{F+3)}/2

CONT-{DELT/4)((FIML+F1)/2+{FFPL+Fl1}/2}1%

E2=EPL,F+{SIG2-SIGPLl4F)/B+DELTIFF+FL1)/(2#B)%
V2=V1+(SIGZ2-SIGL)/C+DELT(FIMLI+FI)/(4=C)%
IF(SIGM1=0)GOT0(35.3})%
IF-ABS{{S1G2-SIGM1)/SIGM1I<KDELTA)GOTO{35.4}ZGOT0(33.1)2
IF{SIG2=0)GOT0(35.4)%60T0(33.1)%
IF(EM1=0}GOT0{35.5}%
IF-ABS({{E2-EM]1)}/EMLI<DELTA)}GOTO{35,6})3G0T0(33.1)%
IF{E2=0)GOTO0{(35.6)%G0T0(33.1)%
IF{VM1=0}G0TO({35.7} 2
IF-ABS{{V2-VM1)/VMI<DELTA)}GOTO0(39.1)EGOTO(33.1)%
IF(V2=0)GOT0(39.1)2G0T0(33.1)%

EPL,F=E2%E1=E2% VP1,F=V2EV1=V2%
SIGPL4F=S162%S161=SIG2¥GOT0(16.21%

END GOTO(START}Z

ILNPUT PARAMETERS

BEE RHO DELT M N

[ 1 ug =8 N LA J
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56
57
58
59
60
61
62
63
64
65
66

68
69
70

72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106



H K E£C BETA DELTA ALPHA
22200000 01 68600000 04 21400000 05 00000000 OO 10000000-0E 00OOCOOO OO
SIGO BEGIN ANS

50000000 02-50000000 00 1000000C O1

INPUT BOUNOARY DATA ON M=3 CHARACTERISTIC

M N T X € v SIGMA
300000 01 300000 01 600000-03 000000 00 451328-02-383640 02 500000 02
300000 01 400000 01 700000-03 120000 Ol 412734-02-359208 02 477472 02
300000 01 500000 Cl 800000-03 240001 0Ol 379712-02-337303 02 456285 02
300000 01 600000 01 9006000-03 360001 01 351191-02-317622 02 436460 02
300000 01 700000 01 100000-02 480002 01 326356-02-299895 02 417963 02

CASE 2 INPUT PARAMETERS

A BEE RHO DELT M N

90388944 07 23896900-02 15000000~03 20000000-03 80000000 O1 10000000 02
H K EC BETA DELTA ALPHA
22200000 01 68600000 04 21400000 05 00000000 OO 10000000-08 00000000 0O

SIGC BEGIN ANS
5000600C 02-50000000 00 10000000 01

INPUT BCUNDARY DATA ON M=7 CHARACTERISTIC

700000 01
700000 01
700000 01
700000 01

700000 Ot
800000 01
900000 01
1C0000 02

140000-02
150000-02
160000-02
170000~-02

000000
120000
240001
360001

00
01
ot
01

29

670435-02-459084 02
623943-02-438B48 02
582185-02-419527 02
544555-02-401182 02

500000 02
487296 02
474410 02
461515 02



PROGRAM FOR CODL 3 AND INPUT PARAMETERS WITH
BOUNDARY DATA FOR A SPECIAL CASE

PROB  TF-033 GROUND SHOCK STUDIES CODE 3
BLOC(EPLI-EPT7/3)VPI-VPT/3)SIGP1-SIGPT/3)%
F1 FORMI9-10)1-715-1-10)%
LASTIEPLIVPL)SIGPI)Y
START  READ(A)REE)RHO)IDELTIMIN) %
PRINT-FORMAT(F1)~
CONT < A BEE RHO DELT >
CONT< M ¥ >% ENTER(PRINTB)S

PRINT-FORMAT(F1)-(A)BEE}RHO)IDELT)IMIN)ZENTER(PRINTB) X
READ(H)K)FOIRBETA)DELTA}ALPHA)S
PRINT-FOKMAT(F])-
CONT < H K EOQ BETA >
CONT<DELTA ALPHA >DXTENTER(PRINTSB) 2
PRINT-FORMAT(FL}=(H)K}IEOQO)BETA)DELTA)ALPHA)ZENTER(PRINTR)Z
READ{SIGOIBEGIN)YANS )
PRINT-FORMAT(F1})-
CONT < SIGO BEGIN ANS >% ENTER(PRINTB)Z
PRINT-FORMATIFI)-{SIGO)IBEGIN}ANS)ZENTER{PRINTB)TZENTER(PRINTB)}Z
PRINT-FCRMAT(FI}-

CONT < M N T X E >
CONT < v SILMaA >%
ENTER{PRINTB)ZENTER(PRINTB) %
3.1 B=BEE=A%

SET(F=3)%C=SQRT(RHO+B )%
READ—FORMAT(FL)}—=(MCINCITIX)IEPL+F)VP1,F)SIGPL,F)Z
PRINT-FORMAT{F1)-(MCINCITIX)EPL,FIVPL1,F)SIGPL,F)%
1=1% SET(3.TLEX=B3.4)%

3.2 IF(BEGIN)IS+GOTO(4.11)%
B3.4 INC(F=F+3)%
IF(SIGPL,(F-3) =0)G0T0(3.42)%
3.41 G=SIGPLl,(F-3)
CONT FEQ+K#EXP{H*LOG(SIGPL,(F-3)/EQ))EG0T0(3.43)%
3.42 6=0%
3.43 FN=A(G~EPL,s(F-3) (1+BETA®EPL,(F-3))/(1+ALPHASEPL,(F-3))})%

NC=NC+1ZSIGPL,F=SIGPLl,(F-3)2
VP1yF==SIGPL1+F/CELPL1+F=SIGP1,F/BZ

3.5 SIGM1=SIGP1,FZ
IF(SIGP1,F =0)GOTO(3.51)%
G=SIGP1+F/EO+K=#EXP(H#LOG(SIGPL,F /E0))XGOTO(3.52)%
3.51 6=0%
3.52 SIGPLF=SIGPL,y(F=-3)—(DELT/8)(A(G—EP1,F(1+BETA®EP]1,F)/

CONT(1+ALPHA*EPL1,F) ) +FN)Z
EP1,F=SIGP1,F/BIVPL+F=-SIGP1,F/C%

3.6 IF(SIGM1=0)G0TU(3.62)%

3.61 IF-ABS{(SIGPL+F-SIGM1)/SIGMLI<DELTA)IGOTO(3.91}%G0T0(3.5)%

3.62 IF(SIGPL1,F=0)GOTO(3.91)2G0T0(3.5)%

3.91 T=T+DELT/2%XB=XZX=XB+SQRT(B/RHO)=DFELT/2%

3.92 IFINC=N)IWITHIN{.005)G0T0(3.93)%

3.7 [IF{Z=ANS)WITHIN(.005)G0OT0(3.71)%

3.64 I1=1+1% GOTO(B3.4)%

3.71 PRINT-FORMAT(FL)-(MCINC)T)IX}EPL,F)VPL.,F)SIGPL,F)Z
I=1% GOTO(,3.71€EX)%

3.93 SET(3.71EX=88.1)%GOT0(3.71)%

.11 SET{5EX=87.111%
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Bl19.1

35.2
36.1
35.4
37.1
35.5
35.6
38.1
35.7
35.3
39.1

B21.1
22.1
22.2

INC(F=F+1)%

EPL,F=03VP],F=0ZSIGPL,F=0%

IF(NC=N)WITHIN{ .005)G0TO(4.14)%

IF(Z=ANS)WITHIN{.D05)G0T0(5.1)%

I=2+1% GOTO(BT7.1)7%

SET(5EX=RBR.1)%

PRINT-FORMAT(FL)-(MCINCITIX)EPL,FIVP1,F)SIGPL,F)3%

21=12 GOTO(+5EX)%
NC=RC+1ZT=T+DELT/2ZXB=XEX=XB+SQRT(B/RHO) *DELT/2%

GOTO(4.11)%

ENTER(PRINTS)IZENTFRIPRINTB)IZ GOTO(11l.1)2%

SETIF=0)%

READ-FORMAT(F1)-(MCINC)TIX)EPL)VPL)ISIGPL)Z

PRINT—FORMAT{FL)-(MCINCIT)X)EPLIVPL1)SIGP1)%

SIG1=SIGP1% V1=VPl% EL1=EP1% 1=1%

SET{GAM=819.1}%

INC(F=F+3)XNC=NC+13%
T=T+DELT/2%XB=XEX=XB+SQRT(B/RHO) »DELT/2%
SIL2=(SIGP2+F+SIGL)/2FE2=(EP2,F+E1)/ 2%
VZ2={VP2,F+V]1)/2%

IF(SIGP2,F =2)50T0(31.2)%
GFP1=SIGP2+F/ED+K*EXP(H*LOG(SIGP2,F/E0))ZG0T0(31.3)%
GFP1=02

IF(SIGPL,F =0)G0T0{31.4)%
GF=SIGPl,F/EQ+K#EXP(H#LOG(SIGP1,F/F0) }XGOTO(31.5)%
GF=0%

IF(SIG1 =0)GNTO(31.6)%
GIM1=SIGLl/EO+K+EXP(H*LOG(SIG1/€0))%GOTO(31.7)%
GIM1=0%

FEF=EPLsF (1+BETAEPL,F)/{1+ALPHA#EPL,F)}E
FEFPL=EP2,F (1+BETA#EPZ2,F)/(1+ALPHA*EP2,F)Z
FEIM1=F1 (1+BETA=S1)/(1+ALPHA*E])Z
FFP1=A(GFPL1-FEFP1)% FF=A(GF-FEF)%

FIML=A(GIMLI-FEIM1)Z

IF(SIG2 =0)6G0T0(33.2)%
GI=SIG2/EQ+K#EXP(H#LOG(SIG2/E0) )1 5G0TO(33.3)%
Gl=0%

FEI=EZ(L+RETA#EZ )}/ (1 +ALPHAXEZ )%
FI=A(GI-FEI)Z

SIGM1I=SIG2ZVML=V2ZEML1=E2%
SIL2=(SIGI+SIGP2,F) /2-C{V1-VPL,(F+3))/2

CONT=(DELT/4)Y((FIML+FL1)/2+(FFPL+F1)/2)4%

E2=EPL1+F+(SIG2-SIGPL+F)/B+DELT(FF+F1)/(2#8)%
V2=VI+(SIG2-SIGL)/C+DELT(FIML+FI)/(42C)%
IF(SIGM1=0)G0TO0(35.3)%
IF-ABS((SIG2-SIGML1)/SIGMI<KDELTA)GOTO(35.4)%8G0T0(33,.,1)%
IFIEM1=0)GOT0(35.5)%
IF-ABS{(E2-EML)/EMIKDELTAIGOTO(35,6)2G0T0{33.1)%
IFIE2=0)GOTO(35.6)%G0T0(33.1)%
IF{VM1=0)G0TO(35.7)%
IF-ABS((V2-VM1)/VMLI<DELTA)IGOTO(39.1)3G0T0(33.1)%
IF(V2=0)G0T0{39.112%G0T0{33.1)%
IF(SIG2=0)G0T0(35.4)%G0T0(33.1)%

EPL.F=EL1Z E1=E2% VPl+.F=V1Z vVi=v23%
SIGP1+F=SIG1% SIG1=S1G2% GOTO(16.2)%
IF{MC=MJWITHIN{.005)6070{21.3)%

MC=MC+1% ENTER(PRINYB}Z ENTER(PRINTB)X
[F(MC=M)WITHIN(.005)G0T0(22.3)% GOTO(1l1l.1)%

31

56
57
58
59
60
61
62
63
64
65
66
67
68
€9
70

71

LY

72
73
14
75
76
77
78
79
80
8l
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
167
108
109
110
111
112
113



22.3
21.3
16.2
15.3
15.4
lb.l

16.3

END

A
90388944
H
22200000
SIGO
50000000

INPUT BOUNDARY DATA ON N=3 CHARACTERISTIC

000000 00
100000 01
200000 01
300000 01

ANS=1% GOTO(1l1l.1)%
ENTER(PRINTB)Z ENTER(PRINT
IF(NC=N)GOTO(16.3)%

8)2%

GOTO(START)Z

[IF(Z=ANS)WITHIN(.N05)60T0(16.1)%

I=71+1% GOTo(8l19.1) %

PRINT-FORMAT(FL}-(MCINC)T)X)ELIV])SIGL)Z

l=1% GOT0(0,GAM) Z
SET(GAM=B21.1)% EP2,F=E2%
GCT0(16.1)%

GOTO(START) X

INPUT

BEE RHO

07 23896900-02 15000000-03
K EO

Gl 68600000 04 21400000 05
BEGIN ANS

02-50000000 00 10000000 01

300000 01 300000-03 360001
300000 01 400000-03 240001
300000 01 500000-03 120000
300000 01 600000-03 000000

VP2,F=v2Z SIGP2,F=51G2%
PARAMETERS
DELT M N
20000000-03 30000000 O1 10000000 O2
BETA DELTA ALPHA

00000000 GO0 10000000-08

01
01
01
00

32

183368-02-220043 02
260629-02-275758 02
350227-02-330727 02
451328-02-383640 02

00000000 0O

396079 02
438797 02
473202 02
500000 02

114
115
116
117
118
119
120
121
122
123



Fl

START

l1.1

Bl9.1

1652
15.3
15.4
l16.1

16.3
B2l.1
22.1
22.2
223
21.3
30.1

31.4
31.5

PROGRAM FOR CODE & AND INPUT PARAMETERS WITH
BOUNDARY DATA FOR A SPtCIAL CASE

PROB TF-033 GROUND SHOCK STUDIES CODE 4
BLOCI{EPI-EPT/3)IVPL-VPT/3)SIGPL-SIGPT/3)%
FORM(9-10)1-7)5-1-101%
LAST(EPL)VPL)SIGPL) X

READ(A)BEE)IRHO)UELTIMIN) %

PRINT-FORMAT(F1)-

CONT < A BEE RHO DELT >
CONTK M i >% ENTER(PRINTB)?%
PRINT-FOKMAT(F1)-(A)BEE)RHO)DELT)MIN)ZENTFR(PRINTR)Z
READ(H)K)EO)IBETA)DELTA)ALPHA) X
PRINT-FORMAT(F1)-
CONT < H K EO BETA >
CONTLDELTA ALPHA DEZENTER(IPRINTB) %

PRINT-FORMAT(F1)-{H)K)EO)BETA)DELTA) ALPHA)ZENTER(PRINTB)Z
READISIGO)BEGIiIl)ANS)#
PRINT-FORMAT(FL)-

CONT < 5160 BEGIN ANS B C >Z
ENTER(PRINTH) %
B=BEE=AZ C=SQRT(RHU+B) %
PRINT-FORMAT(FL)-(SIGO)BEGIN)ANS)IB)C)%
ENTER(PRINTB)Z ENTER(PRINTB)Z
PRINT-FORMAT(F1)~-

CONnT < M N T X E >
CONT < V SIGMA >%

ENTERIPRINTH)ZLNTER(PRINTB)Z

SET(F=3)%

READ-FORMAT{F1)-(MCINC)T)X)EPL,F)VP1,F}SIGPLl,F)3%

IF(NC=N)WITHIN(.005)G0TO(11.1)% INC(F=F+3)% GOTO(l.1)%

SET(F=0)4% READ-FORMAT(FL)=(MCINCITIX)EPL)VPL)ISIGPL)Z

PRINT-FORMAT(F1)-(MCINC)T)X)EPLIVPL1)SIGP1)2Z SET(GAM=B19.1)%

SIG1=SIGP1% VI=VP1l%¥ EL1=EPLl% Z2=1% GOTO(B19.1)%
INC(F=F+3)ZNC=NC+1%

T=T+DELT/2EZXD=X¥X=XB+SQRT(B/RHO) «DELT/2%GOTO0(30.1)%Z

IFINC=NIWITHIN(.005)GCTO(16.3)%

IF(Z=ANS)WITHIN(.005)G0T0(16.1)%

1=L+1% GOTO(B19.1)%

PRINT=FORMAT(FL)—(MCINCIT)X)EL)VI1I)ISIGL)X

1=1% GOTO(0,GAM) %

SET(GAM=R21.1)% EP2,F=E2% VP2,F=V2% SIGP2,F=51G2% GOTO(16.1)%

IF(MC=M)IWITHIN(.005)G0T0(21.3)%

MC=MC+12Z ENTER(PRINTB)Z ENTER{PRINTB)Z

IF(MC=M}WITHIN(.005)G0T0(22.3)% GOTO(1l1l.1)%

ANS=1% GOTO(1ll.1)%

ENTER(PRINTB)Z ENTER(PRINTB)E GOTO(START)IZ

SIG2=(SIGP2,F+SIG1)/2%E2=(EP2,F+EL) /2%

V2=(VP2,F+V1}/2%

IF{SIGP2,F =0)GOT0(31.2)%

GFPL=SIGP2,F/EOQ+K#EXP(H#LOG(SIGP2,F/E0))XGOTO(31.3)%

GFP1=0%

IFISIGPL1F =0)GOTO(31.4)%

GF=SIGPLl,F/EO+K#EXP (H#LOG(SIGPL,F/EQ))TGOTO(31.5)%

GF=0%

IF(SIG1 =0)G0T0(31.6)%

GIMLI=SIG1l/EO+K+EXP(H#LOG(SIG1/EQ0))ZGOT0(31.7)%
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GIM1=0%

FEF=CPL,F (L+BRTA*EPL,F)/{1+ALPHA®EP]L,F) X
FEFPL=EP24+F (1+BETA*EP2,F)/{1+ALPHA®EP2,F)%
FEIMLI=ELl (1+BETA®ELl)/(1+ALPHA*E]L )%
FFPL=A(GFP1-FEFP1)¥ FF=A(GF-FEF)%
FIMLI=A(GIMI-FEIM1)%

IF{S1G2 =0)G0OT0(33.2)%
G1=SIG2/EO+K+EXP(H*LOG(SIG2/E0))ZGOTO(33.3)%
GI=0%

FEL=E2(1+BETA*E2)/(1+ALPHA®E2)%
FI=A(GI-FEIL)Z%

SIGM1=SIG2%VM1=V24EM1=E2%
S1G2=(SIGL+SIGP2+F)/2-C{VI-VPLl,(F+3))/2

CONT—{DELT/4)({FIML+FIL)/2+(FFPL1+FI1)/2)%

35.2
35.3
35.4
35.5
36.1
37.1
35.6
35.7
38.1

39.1

END

A

90388944

H
2220600
SI1GC
5000000

0

0

E2=EPLyF+(SIG2-SIGPL4F)/B+DELT(FF+F1)/(2%B)%
V2=V1+({SIG2=-SIGL)/C+DELT(FIMLI+F])/(4=C)%
IF(SIGM1=0)G0TU(35.3)%G0T0(36.1)%
IF(SIG2=0)60Y0(35.4)%G0T0(33.1)%
IF{EM1=0)G0TO0(35.5)%G0T0(37.1)%
[F(E2=0)G0TO0(35.6)12G0T0{(33.1)%

IF-ABS(({SIG2-SIGML) /SIGMLI<KDELTA)GOTO{35.4)3G0T0(33.11%

[F-ABS((E2-EM1)/EMI<DELTA)IGOTO(35.6)%G0T0(33.1)%

[F(VM1=0)GOTO(35.7)%G0T0(38.1)%
IF(V2=0)GOTC(39.1)%GOT0(33.1)%

IF=ABS{(V2—-VM]1)/VMI<KDELTA)GOTO{39.1)%G0OTO(33.1)%

EPL F=EL%E1=E2% VPLl,F=VidVi=V2%
SIGP14F=SIG1¥SIG1=SIG2%G0OT0(16.2)%
GOTO(START)X

INPUT PARAMETERS

BEE RHO DELT

M

07 23896900-02 15000000-03 20000000-03 70000000 01
K EQ BETA DELTA

~n
01 68600000 04 21400000 05 00000000 00 10000000-08

8EGIN ANS
02-50000000 00 10000000 01

INPUT BOUNDARY DATA ON M=3 CHARACTERISTIC

300000
300000
300000
3600060

01
01
0l
0l

700000 01 100000-02 480002 Ol 326356-02-2499895
800000 G1 110000-02 600002 01 304572-02-283882
900000 01 120000-02 720003 01 285339-02-269371
100000 02 130000-02 B40003 01 268255-02-256182

INPUT BOUNDARY DATA On N=7 CHARACTERILSTIC

400000
500000
600000
700000

01
01
01
01

700000 01 110000-02 360001 01 402989-02-342221
700000 O1 120000-02 240001 Ol 486855-02-383498
700000 Ol 130000-02 120000 0l 576599-02-422768
700000 01 140000-02 000000 00 670435-02-459084

bt

02
02
02
02

02
02
02
02

N

10000000 02

ALPHA

00000000 00

417963
400730
384683
369738

444541
467066
485524
500000

02
02
02

02
02
02



V. RESULTS

An example is computed on a grid of maximum m = maximum n = 10, both by use
of code 1 and by use of the set of codes 1,2,3,4 (Figure 6).

Y

Q
(0,10)
»
x N
(3,10)
CODE 3
(0,3) (3,7 CODE 4 (7,10)
CODE | CODE 2 CODE 2
(0,00 ' (3,3) (7,7) (10, 10) t
FIGURE 6

Cocle 1 uses data along the wave front and boundary; code 2 uses data along
the sma_.lest m of its zone and along the boundary; code 5 uses wave front data and
data along the smallest n of its zone; code 4 uses data along the smallest m and

smallest n of its zone.
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COMPLETE 10X10 DOMAIN
USING CODE 1.

37



PROP

A
903889

H
22200¢C
SIGO

5000C0

000000
000000
000000
000000
000000
000000
000000
0006000
000000
000000
006000

100000
100000
100000
100000
100000
10C000
100000
1006000
1006000
100000

200000
200000
200000
200000
200000
200000
200000
200000
200000

TF-033

REE

7 238969-02

1

2
P

1
1l
l
1
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100000

4

N b b e e e et N Pt b e e pe e e

N e et ot s o s i

N
(0]

GROUND  SHOCK  STUDIES CO0E 1
RHO DELT M N
1>0000-063 200000-03 100GO0 2 100000
£O RETA DELYIA ALPHA

214000 5 000000 160000-08 000000
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300000-03 360001 1 183368-02-220043
450000-03 480002 1 171843-02-206212
500000-03 600002 1 161813-02-194176
600000-03 720003 1 152996-02-183596
7C0900-03 840003 1 145180-02-174217
800000-03 960003 1 138198-02-1¢5838
900000-03 108000 2 131920-02-158304
100600-02 120000 2 126241-02-151490
2000100-03 000000 310978-02-321195
300000-03 120000 1 283534-02-296726
400000-03 240001 1 260629-02-275758
500000-03 360001 1 241226-02-257606
600000~-03 480002 1 224580-02-241749
700000-G3 600002 1 210146-02-227784
800000-03 720003 1 197511-02-215396
900000-03 840003 1 1863259-02-204333
100000-02 960003 1 176445-02-194396
110000-02 10800C 2 167574-02-185421
400060-03 000000 384089-02-355553
500000-03 120000 1 350227-02-330727
600000-03 240001 1 321642-02-308934
700000-03 360001 1 297221-02-289697
800000-03 480002 1 276141-02-272625
900000-03 600002 1 257781-02-257395
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PROR  TF-033

a BEE
903889 7 23R969-07

H K
222C0C I 686000 ¢
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5C0060 2-5000060

M N
400000 1 400020 1
400000 1 500000 1
40000C I 600000 1
400000 1 760000 1
500000 I 500000 1
50000¢ 1 600000 1
500000 1 700000 1
600000 I 60C000 1
600000 I 700000 1
700000 1 700000 1
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GROUND SHOCK STUDIES CODE 2

AH0 DELT M N
150000-53 2G0200-03 400000 1 700000

£0 BETA VELTA ALPHA
21400C 5 000000 100000-08 000000
ANS d C
LCOU00 1 2160062 5 180001 1

T X E v
5006GC0-03 000000 513165-02-407119
3(CN000-03 120000 1 471185-02-383494%
100000-02 24G001 1 434784-02-361917
110000-02 360001 1 402989-02-342221
1Cc0000-02 000000 5S70035-02-427062
110000-02 120000 1 525745-02-404472
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PRGP  TF-033 GROUND SHOCK STUDIES CODE 2
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222000 1 685000 4 214000 S 309000 10G320-08 000000
SIGO BEGIN ANS 8 C
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M N T X € \
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900000 1 900000 1 180000-02 000000 755353-02-483527
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100000 2 100000 2 ¢00C00-02 000000 792768-02-493640
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[OUNE  SHOCK  STUDIES CeDE 3
RHG DELT M N
130000-03 200000-03 300000 1 102000

il RETA DELTA ALPHA
2140"00 » 0GGGOGO 100600-08 000000
ANS
1200060 1

¥ X E v
I0G0006-03 360001 1 183348-02-220043
400000-03 48NO0L 1 171843-02-206213
500000-03 660002 1 161E13-02-194176
50N000~0% 720002 1 152997-02-183597
70G00006-03 840703 1 145180-02-174217
33900 0-93 966NC3 1 138198-0:2-165839
00000-03 108000 2 131920-02-158305
130006-C2 120020 < 126241-02-151490
4200030-03 240001 1 ¢60629-02~275758
500000-03 36C0CL 1 241225-02-257606
602C00-03 4800C2 L 224580-02-241749
70000C-03 600002 1 210146-02-227784
ROOL00-03 720003 1 197511-02-215396
200000-03 840003 1 186359-02-204333
106G0OD-02 960004 1 176445-02-194396
110000-02 103600 2 167574-02-185421
5N00N0-03 120000 1 350227-02-330727
600000-03 240000 1 321642-02-308934
730000-03 360001 1 297220-02-289697
200000-03 4B800G1 1 276141-02-272625
700000-03 600002 1 257781-02-257395
100000-02 720002 1 241662-02-243741
110000-02 840003 1 227408-02-231441
120000-02 960003 1 214723-02-220313
£00000-03 000000 451328-02-383640
700G00-03 120000 1 412733-02-359208
30000C-03 240001 1 379712-02-337303
700000-03 360001 1 351191-02-317622
100000-02 480002 1 326356-02-299895
1106C0-02 6000062 1 304572-02-283881
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336079
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30000C 1 700000 1 120000-02 720003 1 285339-02-269371 2 384683 2
300000 L 100000 2 130630-02 840003 1 268255-02-256182 2 369738 2
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PROR  TF-033 GROUND SHOCK STUDIES CODE 4

A REE RKO DELT M N
903889 7 238969-02 150006-93 200000-03 700000 1 100000

H K eQ BETA DELTA ALPHA
222000 1 686C00 & 214000 5 000000 1000N0-08 000000
SIGO BEGIN ANS 8 C
500000 2-500000 10000G 1 216002 5 180001 1

M N T X E v
400606 1 700000 1 110000-02 360001 1 402989-02-342221
400000 1 809u00 1 120000-02 480001 1 375038-02-324235
40000C 1 90NN00 1 130000-02 600002 1 350324-02-307794
40000C 1 100600 2 140000-02 720002 1 328358-02-292743
50000C 1 7CO000 1 120G00-02 240001 1 4«86855-02-383498
500000 1 8C3C00 1 130000-02 360001 1 452511-02-364077
500000 1 900000 1 140000-02 480002 1 422032-02-346116
500000 1 1000006 2 150000-02 600002 1 394861-02-329516
600000 1 700000 1 13CC00-02 120000 1 576599-02-422768
6©0000C 1 800000 1 140000-02 246000 1 535964-02~-402570
600000 1 9C0O000 1 1%0000-02 360001 1 499705-02-383620
600000 1 100000 2 160GG00~02 480001 1 467227-02~-365891
700600 1 700000 1 140000~-02 200004 670435-02-459084%
7000060 1 800000 1 150000-02 120000 1 623943-02-438848
700000 1 9000600 1 160000-02 240001 1 582185-02-419527
700006 1 100000 2 170000-02 360001 1 544555-02-401182
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421178

485524
471056
456773
442798

500000
487296
474410
461515

N NN N NN NN

NN



ACKNOWLEDGEMENT

The author wishes to express appreciation to Messrs. Thompson and R. C. Makino

for their technical assistance.

MILLICENT M. BECK

48



10.

11.

REFERENCES

Thompson, Andrew A, Preliminary Plane Wave Studies in the Earth Shock Tube.
Ballistic Research Laboratories Technical Note No. 1343, September 1960.

Thompson, Andrew A. Soil Shock Tube Techniques, Part - 1. Ballistic Research
Laboratories Technical Note No. 1396, March 1961.

Design and Instrumentation of an Farth Shock Tube, Atlantic Research Corpo-
ration Contract No. DA-36-03L-ORD-3116RD, Progress Reports 1-18, 1961-62.

Mercado, E. J. Stress Propagation in Non-linear Visco-Elastic Materials.
Technical Report No. 3, Rensselaer Polytechnic Institute, May 1, 1962.

Mercado, E, J. Stress Propagation in Non-linear Visco~Elastic Materials.
Technical Report No. U4, Rensselaer Polytechnic Institute, September 1L, 1962,

Mercado, E. J. ©Stress Propagation in Non-linear Visco~Elastic Materials.
Technical Report No. 5, Rensselaer Polytechnic Institute, January 31, 1963.

Malvern, L. E. Plastic Wave Propagation in a Bar of Material Exhibiting a
Strain - Rate Effect. Quarterly of Appl. Math., Vol. 8, No. L, January 1950.

Malvern, L. E. The Propagation of Longitudinal Waves of Plastic Deformation
in a Bar of Material Exhibiting a Strain - Rate Effect, Trans. ASME, Jour.
Appl. Mech., Vol. 18, page 203, 1951.

Osgood, W. R, Stress-Strain Formulas. Jour. of the Aero. Sciences, pages 45-48,
January 1946.

Mercado, E. J. Stress Propagation in Non-linear Viscoelastic Materials. A
Thesis Submitted to the Faculty of the Department of Geology, Rensselaer
Polytechnic Institute, March 1963.

Campbell, L., W, and Beck, G, A. The FORAST Programming Language for ORDVAC and
BRLESC, Ballistic Research Laboratories Report No. 1172, August 1962,

L9




DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization
20 Commander 1 Commanding Officer
Defense Documentation Center Watertown Arsenal
ATTN: TIPCR Watertown, Massachusetts 02172

Alexandria, Virginia 2231k4 1 Commanding General
U. S. Army Missile Command
1 Director Redstone Arsenal, Alabama 35809
Advanced Research Projects Agency
Department of Defense 1 Commanding General
Washington, D. C. 20301 U. S. Army Munitions Command
Dover, New Jersey 07801
5 Chief
Defense Atomic Support Agency 1 Commanding General
Washington, D. C. 20301 Land Locomotion Research
Laboratory
1 Commanding General U. S. Army Tank-Automotive
Field Command Center
Defense Atomic Support Agency Warren, Michigan 48090
P. 0. Box 5100
Albuquerque, New Mexico 1 Commanding General
U. S. Army Weapons Command
1 Director Rock Island, Illinois ©1200
National Security Agency
ATTN: R/D 36, Chief, Engineer- 1 Commanding General
ing Research Division White Sands Missile Range
Port George G. Meade, New Mexico 88002
Maryland 20755
1 Director
1 Commanding General Major Item Supply Management
U. S. Army Materiel Command Agency
ATTN: AMCRD-RP-B Letterkenny Army Depot
Washington, D. C. 20315 Chambersburg, Pennsylvania 17201
1 Commanding Officer 1 Commanding General
Frankford Arsenal U. 5. Army Chemical Corps Researci.
ATTN: Pitman-Dunn Laboratories & Development Command
Library Branch, 0270, Washington 25, D. C.
Bldg. 40
Philadelphia, Pennsylvania 19137 1 Commanding General
U. S. Army Chemical Warfare
1 Commanding Officer Laboratories

Cameron Station

Picatinny Arsenal

ATTN: Feltman Research and
Engineering Laboratories

Dover, New Jersey 07801

51

Edgewood Arsenal, Maryland 21040




No. of

Copies

DISTRIBUTION LIST

Organization

Commanding General

Chemical Corps Materiel Command

ATTN: David T. Shepard, Director
Data Processing Center

Edgewood Arsenal, Maryland 21040

Commanding General

U. S. Army Chemical Center Corps
Engineering Command

Edgewood Arsenal, Maryland 21040

Director

U. S. Army Nuclear Defense
Laboratory

Edgewood Arsenal, Maryland 21040

Commanding Officer
Operations Research Group

Y 9

Edgewood Arsenal, Maryland 21040

Director

U. S. Army Chemical Corps Quality
Assurance Technical Agency

Edgewood Arsenal, Maryland 21040

Commanding Officer

U. S. Army Chemical Research and
Development Laboratories

Edgewood Arsenal, Maryland 21040

Chairman

U. S. Army Chemical Corps
Technical Committee

Edgewood Arsenal, Maryland 21040

Commanding General

U, S. Army Chemical Corps
Proving Ground

Dugway Proving Ground

Dugway, Utah 84022

Director

U. S. Army Biological
Laboratories

Fort Detrick, Maryland 21701

N~
HNU .

Copies

q
L

52

Organization

Commanding Officer

U. S. Army Corps of Engineers
Army Reactors Group

Fort Belvoir, Virginia 22060

Commanding Officer

U. S. Army Corps of Engineers

Polar Research & Development
Center

Fort Belvoir, Virginia 22060

Commanding General
U. S. Army Engineering Research
& Development Labcratories
ATTN: Dr. T. G. Walsh
Mr. V. M. Davis - Mine
Warfare Branch
Fort Belvoir, Virginia 22060

Commanding Officer

U. S. Army Corps of Engineers
Army Reactors Group
Germantown, Maryland

Director

Waterways Experiment Station

ATTN: Mr. G. L. Arbuthnot
Mr. William Flathau
Mr. Robert Cunny

Box 631

Vicksburgh, Mississippi

U. S. Army Corps of Engineers
Special Assistant for Nuclear
Power

Washington 25, D. C.

Chief of Engineers

ATTN: Maj. Maurice K. Durtz
Mr. Martin Kirkpatrick

Washington 25, D. C.



No. of

Copies

DISTRTBUTION LIST

Organization

Director

U. S. Army Corps of Engineers

Cold Regions Research and
Engineering Laboratory

1215 Washington Avenue

Wilmette, Illinois

Director

U. S. Army Medical Research and
Nutrition Laboratory

Denver, Colorado

Commanding Officer

U. S. Army Medical Research and
Development Command

Washington 25, D. C.

Commanding Officer
U. S. Army Medical Unit
Fort Detrick, Maryland 21701

Director

U. S. Army Medical Research
Laboratory

Fort Knox, Kentucky L0120

Commanding Officer

U. S. Army Signal Engineering
Agency

Arlington Hall Station

Arlington, Virginia 22212

Commanding General

U. S. Army Signal Missile
Support Agency

White Sgnds Missile Range

New Mexico 88002

Commanding Officer

U. S. Army Signal Intelligence
Agency

Arlington Hall Station

Arlington, Virginia 22212

No. of

Copies

1

25

Organization

Commanding Officer

U. S. Army Signal Avionics Field
Office

P. 0. Box 209

St. Louis 66, Missouri

Commandant

U. S. Army Signal Corps School
ATTN: Officer Department

Fort Monmouth, New Jersey 07703

Chief Signal Officer

ATTN: Mr. G. H., McClurg -
SIGRD - 6

Department of the Army

Washington 25, D. C.

Commanding General

U. S. Army Electronic Proving
Ground

Fort Huachuca, Arizona 85613

Commanding Officer

U. S. Army Electronics Research
Unit

P. 0. Box 205

Mountain View, California 9LOL2

Commanding General

U. S. Army Electronics Research
and Development Laboratory

ATTN: Data Equipment Branch

Fort Monmouth, New Jersey 07703

Commanding General

U. S. Army Electronics Command
ATTN: AMSEL-CB

Fort Monmouth, New Jersey 07703

Director

U. S. Army Quartermaster Research
and Engineering Field Evaluation
Agency

ATTN: TD 10-5411-02

Fort Lee, Virginia 23801



No. of

Sopiow Urranization

Conranding Generad
Juartermaster Research %
Deve lopment Cormand
ATl John M.

Mr. W. Zagieboylo
latick, Massachuseti=

1, avLies

~

~Mmmanding Officer

. 9. Army Transportation
Maberiel Command

Lot and Spruze Streetu
L. Louls, Missourd

v

Ganeral
Transportation
pierevmron Command

1 Complanding:

ot lnenis, Tivsinia iy
i Conmandings General
oo Comtinental Army Uomm

Fort Monroe, Virginia 22351

. crannsndant
Lot. Army Artitlery
Milsile Schocu
Fort Jill, 2klahoma 707

d CJonmandant
. Army Guided ltidssile
A: Kedstone Section, BM

Erancn,
nediotone Arcenal, Alabama

1 Apns 1 ocearch Office
‘Ob Dolumbia Pike

Arlingston, Virginia

. omrandinge Officer

an

& Culded

¥AM Divicion

Son
V, -

Lo Research O2ficer (Thar! ar)

Lox M, Duxe S*ation

Lo lard

Lurham, North Carolina 27700

1 Commandant

-,

o P
[Pl WRS

s

Command & General Staff Collece

ATTN: Computing Facility

For* leavenwortn, Kancsac 05007

o
: __Jp]'_r._‘:'

54

BULIION LIUT

wicanization

Falal

Comnandin: Officer
U. 8. Arm. Communications Agency
it TPentaon

25, D. C.

Le

Wastinelon

Tormanaliys General
ATTH:  Computings Facility
“crt George G. Meade,

-

Mar, land 20755

Snief of Feoearch
nepariment of tae
Wasninston, D, C.

& Developmen

Aymy
20310

Ordnance
iLary Academy
liew York 1099C

oni Ly of Naval Weapons
ATTH:  LLI-4 (% 2ys)

Denarument. of tne lavy
Vesndoe oo, 0, O 20200
Jommander

. 2. Naval Ordnance Labo-atory
Jelte Oax

Jilver pring iy, Maryland

“opmanding Officer
. 8, Navad Ordnance Laboratory
vorona, valifornia 91720

onmas.der
U. 8. Naval Ordnance Test Station

ATTH:  Yec:nical Library Editorial
vertion

China Lae, California 93557

Litrar:

U. 5. Naval Postoraduate School

ATTN: Techinical Reports Section

Monterey, California



av]

ro

DISTRIBUTION LIST

No. of

Director 1
U. S. Naval Research Laboratory

ATTN: Code k492

Washington, D. C. 20390

Director 1
U. S. Naval Research Laboratory
Anacostia Station

Washington 20, D. C.

Commander
U. S. Naval Weapons Laboratory 1
Dahlgren, Virginia 22LL8

Chief of Naval Research

ATTN: Code 118

Department of the Navy 1
Washington, D. C. 20360

Chief of Naval Operations
ATTN: Op-%6

Department of the Navy
Washington, D. C. 20360

Chief, Bureau of Ships 1
ATTN: Computing Facility

Department of the Navy

Washington, D. C. 20360

Chief, Bureau of Yards and Docks 1
Department of the Navy
Washington, D. C. 20%60

Commander
U. S. Naval Missile Center
ATTN:; Simulation Branch Systems 1
Department
Range Operations
Department, Code 3280
Point Mugu, California 9304l

Commander
Naval Engineering Experiment
Station
ATTN: Applied Math Office,
Code 502

Annapolis, Maryland 55

Copies

Organization

Commanding Officer

U. S. Naval Air Development
Center

Johnsville, Pennsylvania

Commanding Officer
Naval Air Test Center
ATTN: Armament Test

U. S. Naval Air Station
Patuxent River, Maryland

Commanding Officer & Director

U. S. Naval Radiological Defense
Laboratory

San Francisco 24, California

Director

U. S. Naval Supersonic Laboratory

Massachusetts Institute of
Technology

ATTN: Computer Facility

560 Memorial Drive

Cambridge, Massachusetts

Superintendent

U. S. Naval Academy

ATTN: Weapons Department
Annapolis, Maryland

Officer/in/Charge

Naval Civil Engineering Research
& Evaluation Laboratory

Naval Station

Port Hueneme, California

Commanding Officer

Fleet Operations Control Center
U. S. Pacific Fleet

F. N. Quinn

Navy No. 509

Fleet Post Office

San Francisco, California



No. of

Copies

DISTRIBUTICON LIST

No. of

Organization Copies

Commanding Officer and Director 1
David W. Taylor Model Basin
ATTN: Structural Mechanics
Division
Washington, D. C. 20007 1

AFSC (SCT)
Andrews Air Force Base
Washington, D. C. 20331 1

AFFTC (FTFSE)
Edwards Air Force Base )
California 93523

APGC (PGAPI) 2
Eglin Air Force Base
Florida 32542

AFMSD
Holloman Air Force Base
New Mexico 8835%0 1

AFWL (SWRS)
Kirtland Air Force Base 1
New Mexico 87117

AFCRL (CRZ)
L. G. Hanscom Field 1
Bedford, Massachusetts 01731

TAC (DCRS)
Langley Air Force Base 1
Virginia 23%365

AUL (3T-AUL-60-118)
Maxwell Air Force Base
Alabama 36112 1

BSD
Norton Air Force Base
California 92409

AEDC
Tullahoma, Tennessee 37389

56

Organization

AFTIT
Wright-Patterson Air Force Base
Ohio 45433

RTD SEH
Wright-Patterson Air Force Base

Ohioc 45433

Hq., USAF (AFAAC)
Washington, D. C. 20330

Hq., USAF (AFADA)
Washington, D. C, 20330

Hq., USAF (AFNIN 3)
Wasnington, D. C. 20330

Hq., USAF (AFRDC)
Washington, D. C. 20330

Hq., USAF, AFXOP (AFTAC)
Washington, D. C., 203%0

USAFA
USAF Academy
Colorado 50840

58D
AF Unit Post Office
Los Angeles, California 9OL45

Clim Cen USAF
Annex 2

225 D Street, S. E.
Washington, D. C.

Director, Project RAND
Department of the Air Force
1700 Main Street

Santa Monica, California 90L0O6

Central Inteiligence Agency
OCR/Library/ILS

ATTN: Norman E. Hill, Code 163
Washington, D. C. 20505



No. of

Copies

DISTRIBUTION LIST

No. of

Organization Copies
Director 1
National Aeronautics and Space

Administration

ATTN: Mr. R. E. Liettell
1520 H Street, N. W.
Washington, D. C. 20546
Director 1

National Aeronautics and Space
Administration

Flight Research Center 2

ATTN: Computer Facility

Box 273

Edwards, California

Director
National Aeronautics and Space
Administration
Goddard Space Flight Center
ATTN: Tracking & Data Systems
I. Mortimer Datz - 2

Computer Operations
Branch, Data Systems
Division

Anacostia Naval Station

Washington 25, D. C.

Director

National Aeronautics and Space
Administration 1

Lewis Research Center

ATTN: Computer Facility

Cleveland Airport

Cleveland, Ohio

Federal Aviation Agency 1
National Aviation Facilities
Experimental Station
ATTN: Simulation & Computation
Branch
Atlantic City, New Jersey

o7

Organization

Federal Aviation Agency

ATTN: Data Processing Branch -
Aircraft Management Division
Bureau of Flight Standards

P. 0. Box 1082

Oklahoma City, Oklahoma

Chief, Bureau of Mines
Washington 25, D. C.

Director
National Bureau of Standards
ATTN: Mr. Paul Meissner
Components & Technique
Section - Data Processing
Systems Division
Dr. S. N, Alexander
232 Dynamometer Building
Washington 25, D. C.

" Director

National Bureau of Standards
National Applied Mathematics
Laboratory
ATTN: Miss Mary Stevens
Dr. Franz L. Alt
Computation Laboratory
Washington 25, D. C.

U. S. Department of Commerce
Bureau of Census

ATTN: Computer Facility
Federal Office Building No. 3
Suitland, Maryland

U. S. Atomic Energy Commission
Military Applications Division
1901 Constitution Avenue, N. W.
Washington 25, D. C.



spiles

DISTRIBUTION LIST

of
Organization

Executive Secretary
Military Liaison Committee to
the Atomic Energy Commission

1901 Constitution Avenue, N. W.

Washington, D. C.

Brookhaven National Laboratory
ATTN: Computer Facility
Upton, New York

Oak Ridge National Laboratory
Mr. E. C. Long

P. 0. Box X

Oak Ridge, Tennessee

Los Alamos Scientific Laboratory

P. Q. Box 1663
Lcs Alamos, New Mexico 875kh

Bandia Corporation

ATTN: Physics Division

P. 0. Box 5800

Albuquerque, New Mexico 57115
Research Analysis Corporation
ATTN: Computer Facility

6925 Arlington Road

Bethesda, Maryland
Washington, D. C. 2001k

Applied Physics Laboratory
Johns Hopkins University

Silver Spring, Maryland

Jet Propulsion ILaboratory
ATTN: Computer Facility
4800 Oak Grove Drive
Pasadena 3, California

Lawrence Radiation Laboratory
P. 0. Box 808
Livermore, California 94551

No. of

Copies

no

58

Organization

Ampex Computer Products Co.
9937 Jefferson Boulevard
Culver City, California

Atlantic Research Corporation
ATTN: Mr. R. C. Bryant
Shirley Highway at Edsall Road
Alexandria, Virginia

Datatrol Corporation

consulting and Programming
Services

ATTN: Mr. Cooper, Vice-President

3113A Fenton Street

Silver Spring, Maryland

Engineering Research Assoclates
Division of Remington Rand, Inc.
1902 W. Minneehaha Avenue

St. Paul; Minnesota

General Mills
Electronics Group

1000 16th Street, N. W,
506 Solar Building
Washington 6, D. C.

Taternational Business Machine
Corporation
Engineering Laboratory
ATTN: John Ashley -
Customer Executive
Education Department
San Jose, California

Raytheon Manufacturing Company
P. 0. Box 398
Bedf'ord, Massachusetts



No. of
Copies

DISTRIBUTION LIST

Organization

Remington Rand Univac
Division of Sperry Rand
Corporation
ATTN: Mr., Sam Howry -
Systems Analysis
1900 W. Allegheny Avenue
St. Paul, Minnesota

Science Research Association, Inc.
259 East Erie Street
ATTN: Mr. Don Shepherd,
Project Director
Chicago 11, Illinois

Technitrol Engineering Corporation
1952 E. Allegheny Avenue
Philadelphia 34, Pennsylvania

United Research Services
1811 Trousdele Drive

Burlingame, California

California Institute of

Technology
ATTN: R. B. Gilmore -
Comptroller

Pasadena, California

Columbia University

Electronics Research Laboratories
ATTN: G. S. Bodeen

632 West 125 Street

New York 27, New York

Columbia University

lewis Cyclation Laboratory
ATTN: Computer Facility

Box 137

Irvington on Hudson, New York

No. of

1

=

29

Organization

Cornell University

ATTN: John W. Hastie -
Coordinator of Research

Ithaca, New York

Dartmouth College
ATTN: Computation Center
Hanover, New Hampshire

The George Washington University
ATTN: Logistics Research Project
TOT7T 22nd Street, N. W.

Washington 7, D. C.

Georgia Institute of Technology

Engineering Experiment Station

ATTN: Rich Electronic Computer
Center

Atlanta 13, Georgia

Harvard University
Computation Laboratory
Cambridge 38, Massachusetts

Illinois Institute of Technology
Chicago, Illinois 60616

Indiana University
ATTN: Research Computing Center
Bloomington, Indiana

Iowa State University of Science
and Technology
Engineering Experiment Station
ATTN: Robert M. Stewart, Jr.
Cyclone Computer Lab
Ames, Iowa

The Johns Hopkins University
ATTN: Computation Center
34th end Charles Street
Baltimore 18, Maryland

TEOHNIOAL LIBRARY
BLDZ 313
ABERDEEN PROVING GROUND, XD.
STEAP-TL



No. of

Copies

DISTRIBUTION LICT

Organization

Lehigh University
ATTN: Computer Facility
Bethlehem, Pennsylvania

Marquette University

ATTN: Computing Center
1515 West Wisconsin Avenue
Milwaukee, Wisconsin

Massachusetts Institute of
Technology

Lincoln Laboratory

ATTN: Computer Facility

Lexington 73, Massachusetts

Massachusetts Institute of

Technology
ATTN: Digital Computer
Laboratory

Cambridge 39, Massachusetts

Michigan State University
College of Engineering
ATTN: Computer Lab

East Lansing, Michigan

Missouri School of Mines and
Metallurgy

ATTN: Computer Facility

Rolla, Missouri

Moore School of Electrical
Engineering

University of Pennsylvania

Philadelphia 4, Pennsylvenia

New York University
College of Engineering
ATTN:
Lab
University Heights
New York 53, New York

Computation & Statistical

No. of

Copies

1

60

Organization

Oklahoma State University
The Computing Center
ATTN: D. R. Shreve -
Department of Mathematics
Stillwater, Oklahoma

Oregon State College
Department of Mathematics
ATTN: W. E. Milne
Corvallis, Oregon

Polytechnic Institute of Brooklyn
ATTN: Mr. Warren Boes

35% Jay Street

Brooklyn 1, New York

Princeton University
Mathematics Department
Princeton, New Jersey

Stanford Research Institute
Menlo Park, California

Stanford University
ATTN: Computation Center
Stanford, California 94305

University of California
942 Hilldale Avenue
Berkeley, California

University of Illinois
Department of Mathematics
ATTN: A. H. Taub

Urbana, Illinois

University of Michigan

Institute of Science and
Technology

ATTN: VESIAC, T. W. Caless

Dox 618

Ann Arbor, Michigan 48104



. of

Copies

Organization

University of New Mexico
A T e
ATTN:

DISTRIBUTION LIST

No. of

Copies

1

KAFB Shock Tube Facility

Albuquerque, New Mexico 87106

Professor Bruce Charters
Computing Laboratory
Brown University
Providence, Rhode Island

Professor W. H. Gardner, Jr.
College of Engineering
Durham, North Carolina

Professor J. Neils Thompson
Civil Engineering Department
University of Texas

Austin 12, Texas

Or. Walter Bleakney
Princeton University
Princeton, New Jersey

Dr. Otto LaPorte

Engineering Research Institute Y

University of Michigan
Ann Arbor, Michigan 48104

Dr. N. M. Newmark

111 Talbot Laboratory
University of Illinois
Urbana, Illinois

Dr. Leonard Obert
Applied Physics Division
U. S. Bureau of Mines
College Park 1, Maryland

Dr. L. H. Thomas

Watson Scientific Computing
Laboratory

612 W. 116th Street

New York 27, New York

10

Organization

Dr. Robert V. Whitman

Massachusetts Institute of
Technology

Cambridge 39, Massachusetts

Mr. Theodore Baumeister, III
E. I, DuPont DeNemours, Co.
Engineering Department
Wilmington 98, Delaware

Mary Broadhead
12 Westfall Avenue
Troy, New York

R. F. Jackson
University of Delaware
Newark, Delaware

University of Alberta
Department of Mathematics
ATTN: Professor John McNamee
Edmonton, Alberta, Canada

Australian Group

c/o Military Attache
Australian Embassy

2001 Connecticut Avenue, N. W.
Washington, D. C. 20008

The Scientific Information Office
Defence Research Staff

British Embassy

3100 Massachusetts Avenue, N. W.
Washington, D. C. 20008

Defence Research Member
Canadian Joint Staff

2450 Massachusetts Avenue, N. W.
Washington, D. C. 20003

Abverdeen Proving Ground

Chief, TIB

Air Force Liaison Office
Marine Corps Liaison Office
Navy Liaison Office

CDC Liaison Office

D&PS Branch Library

61



